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“There is a theory which states that if ever anyone discovers exactly what the Universe
is for and why it is here, it will instantly disappear and be replaced by something even
more bizarre and inexplicable. There is another theory which states that this has already
happened.”
— Douglas Adams, The restaurant at the end of the universe.
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Resumen y conclusiones en espan˜ol
0.1 Introduccio´n
0.1.1 Grupos cinema´ticos estelares
Los grupos cinema´ticos estelares (supercu´mulos (SCs), grupos de movimiento (MGs) yasociaciones estelares) son grupos de estrellas con una cinema´tica comu´n originalmente
definidos por Olin Eggen (Eggen 1958, 1984, 1989, 1994). Estos trabajos sugieren que los
grupos de movimiento pueden ser el resultado de la disolucio´n de cu´mulos estelares abiertos
en la poblacio´n general de estrellas. En general un cu´mulo abierto sera´ desmantelado bajo
la accio´n del potencial gravitacional de la Galaxia. Las estrellas son dispersadas princi-
palmente por dos mecanismos: la rotacio´n differencial de la galaxia y el calentamiento del
disco (see Wielen 1971).
Sin embargo, estos grupos se pueden originar tambie´n de otras formas. Las sobredensi-
dades en algunas regiones del plano UV de velocidades galacticas pueden ser el resultado
de mecanismos a gran escala, debido a la simetr´ıa no axial de la Galaxia (Famaey et al.
2005). Es decir, la presencia de una barra central (e.g. Dehnen 1998; Fux 2001; Minchev et
al. 2010) y de los brazos espirales (e.g. Quillen & Minchev 2005; Antoja et al. 2009, 2011),
o ambos (ver Quillen 2003; Minchev & Famaey 2010).
Algunos trabajos muestran la existencia de diferentes grupos de edad localizados en la
region de plano de velocidades, donde se situ´an los grupos de movimento cla´sicos (Asiain
et al. 1999). De entre estos, cabe resaltar algunos de los ma´s jo´venes, tales como el su-
percu´mulo de las Hı´ades (600 Ma), el grupo de movimiento de la Osa Mayor (Supercu´mulo
de Sirio, 300 Ma), la Asociacio´n local o el grupo de movimiento de las Pleiades (de 20 a
150 Ma), el supercu´mulo IC 2391 (35-55 Ma), y el grupo de Castor (200 Myr) (ver Montes
et al. 2001a; Klutsch et al. 2014). Esta informacio´n sugiere un escenario intermedio. En
este escenario estrellas nacidas al mismo tiempo y estrellas de campo son arrastradas a la
misma estructura cinema´tica, pudiendo estas coexistir (Famaey et al. 2007, 2008; Antoja
et al. 2008; Klement et al. 2008; De Silva et al. 2008; Francis & Anderson 2009a,b; Zhao et
al. 2009).
ix
x0.1.2 Ana´lisis detallado de abundancias qu´ımicas (“Chemical tagging”)
Existen dos metodolog´ıas complementarias para averiguar el origen de estas estructuras.
La primera de ellas hace uso de diferentes indicadores de edad (i.e: la l´ınea de litio I en
6707.8
◦
A, actividad cromosfe´rica). Esto permite cuantificar la contaminacio´n de estrellas
de campo entre los candidatos de tipos espectrales tardios de un grupo cinema´tico estelar
(e.g. Montes et al. 2001b; Mart´ınez-Arna´iz et al. 2010; Lo´pez-Santiago et al. 2006, 2009;
Lo´pez-Santiago et al. 2010; Maldonado et al. 2010).
La segunda metodologa´ se apoya en el ana´lisis de la composicio´n qu´ımica de las es-
trellas candidatas (“chemical tagging”), basa´ndose en dos hipo´tesis. En primer lugar, la
abundancia de ciertos elementos qu´ımicos permanece inalterada a lo largo de la evolucio´n
estelar para una estrella dada (Freeman & Bland-Hawthorn 2002). En segundo lugar, las
abundancias qu´ımicas de un grupo de estrellas nacidas al mismo tiempo son representati-
vas de la nube de gas en la que se originaron (Bland-Hawthorn et al. 2010). El “chemical
tagging” es una poderosa herramienta que puede revelar el origen de estas estructuras (ver,
Mitschang et al. 2013, y las referencias all´ı mencionadas).
Otro paso para verificar la validez de las hipo´tesis subyacentes al “chemical tagging”
es el estudio de la composicio´n qu´ımica de las estrellas pertenecientes a cu´mulos abiertos.
Existen estudios en esta materia que conciernen a los cu´mulos abiertos de las Hı´ades y
Collinder 261 (Paulson et al. 2003; De Silva et al. 2006, 2007a, 2009). Estos trabajos pro-
baron que la informacio´n qu´ımica se preserva en las estrellas de estos cu´mulos, adema´s de
que los efectos de cualquier fuente contaminante son despreciables. El siguiente paso lo´gico
es realizar el mismo tipo de ana´lisis aplica´ndolo a grupos cinema´ticos estelares. El estudio
detallado de las abundancias qu´ımicas solo ha sido aplicado a tres grupos de movimiento
viejos: la corriente de He´rcules (Bensby et al. 2007) cuyas estrellas contienen estrellas de
edad y composicio´ qu´ımica diversa (asociadas a resonancias dina´micas debidas a la barra o
a los brazos espirales), HR 1614 (De Silva et al. 2007b, 2009), y Wolf 630 (Bubar & King
2010). Los dos u´ltimos parecen ser verdaderos cu´mulos dispersados (restos de agregados
de formacio´ estelar del disco). En lo referente a grupos ma´s jo´venes existen estudios que
abarcan al supercu´mulo de las Hı´ades (ver Pompe´ia et al. 2011; De Silva et al. 2011). Los
resultados de la literatura son diversos, en Pompe´ia et al. (2011) y De Silva et al. (2011)
encuentra que so´lo un 10-15% de las estrellas presentan una composicio´n qu´ımica similar
a las del cu´mulo original. A pesar de esto, estos estudios coinciden en que no es posible
asociar enteremente su origen al cu´mulo de las Hı´ades. El supercu´mulo de las Hı´ades no
es un caso aislado, en De Silva et al. (2013) se conecta el cu´mulo abierto IC 2391 y la
asociacio´n Argus estudiando su composicio´n qu´ımica. Tambie´n el grupo de movimiento de
la Osa Mayor fue estudiado por otros autores (Ammler-von Eiff & Guenther 2009; Biazzo
et al. 2012; D’Orazi et al. 2012), probando mediante el estudio de las abundancias qu´ımicas
de sus miembros, que puede ser asociado con un cu´mulo que se ha dispersado.
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0.1.3 Velocidades Gala´cticas
Las velocidades galacticas se emplean para determinar aquellos candidatos potenciales que
podr´ıan pertenecer a un grupo de movimiento. La informacio´n extra´ıda de las abundancias
qu´ımicas por s´ı misma no es capaz de identificar por si sola un grupo cinema´tico estelar. Por
lo tanto esta informacio´n cinema´tica es necesaria a priori antes de realizar cualquier ana´lisis
posterior. Para obtener las velocidades U , V , y W se emplea un me´todo esta´ndar como el
usado en Montes et al. (2001a). Las velocidades Gala´cticas en este caso particular se dan en
un sistema de coordenadas dextro´giro, esto es, positivo en la direccio´n del centro gala´ctico,
en el sentido de la rotacio´n gala´ctica, y en el de polo norte gala´ctico, respectivamente.
En este caso, Montes et al. (2001a) uso´ una versio´n modificada de los me´todos descritos
en Johnson & Soderblom (1987) para el ca´lculo de las componentes de la velocidad y de
sus errores asociados. El algoritmo original, que precisaba de coordenadas referidas a 1950,
fue adaptado en Montes et al. (2001a) a las coordenadas referidas a la e´poca J2000 en el
Sistema Internacional de Referencia Celestial (ICRS, siglas en ingle´s) tal y como es descrito
en La Introduccio´n y gu´ıa a los Datos (seccio´n 1.5) de ESA (1997).
De forma general las velocidades gala´cticas se obtienen a partir de datos astrome´tricos.
En esencia es una transformacio´n de coordenadas aplicada al vector de velocidad usando los
datos astrome´tricos. Se hace uso de la paralaje, los movimientos propios (en coordenadas
ecuatoriales) y de la velocidad radial para una estrella dada (ver, e.g., Montes et al. 2001a,b;
Lo´pez-Santiago et al. 2006, 2009; Lo´pez-Santiago et al. 2010; Maldonado et al. 2010).
Las velocidades radiales se calculan a partir del desplazamiento doppler de las lineas
espectrales. Normalmente esto se consigue haciendo uso de una correlacio´n cruzada con un
espectro de referencia. Esta referencia suele ser una estrella esta´ndar de velocidad radial
conocida, para este propo´sito la rutina fxcor de IRAF puede ser usado para obtener la
velocidad radial. El espectro de referencia puede ser una estrella observada con la misma
configuracio´n o tipo espectral que la estrella problema (Mart´ınez-Arna´iz et al. 2010;
Lo´pez-Santiago et al. 2010). Tambie´n es posible utilizar fuentes externas como espectros de
referencias, tales como “the Kurucz solar ATLAS” (Kurucz et al. 1984) o una red equies-
paciada previamente generada de espectros sinte´ticos (Sacco et al. 2014).
Paralajes y movimientos propios se obtienen de cata´logos externos como los de Hippar-
cos y Tycho (ESA 1997), el cata´logo Tycho-2 (Høg et al. 2000), y la nueva reduccio´n del
cata´logo Hipparcos (van Leeuwen 2007). Empleando estos tres ingredientes las compo-
nentes de la velocidad gala´ctica pueden obtenerse siguiendo el me´todo descrito en (Montes
et al. 2001a). Este me´todo se apoya en derivar las velocidades en el plano tangente a la
esfera unidad en coordenadas ecuatoriales (usando los movimientos propios y la paralaje),
proporciona´ndonos dos componentes de la velocidad, la tercera componente es la velocidad
radial. De manera que el vector resultante es transformado a coordenadas gala´cticas. Este
resultado final nos proporciona las velocidades deseadas.
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0.1.4 Para´metros estelares
Los para´metros estelares (Teff , log g, ξ) y la metalicidad ([Fe/H]) son un paso previo impor-
tante para calcular las abundancias qu´ımicas. Estos para´metros se obtienen normalmente
usando dos te´cnicas: El me´todo de sinte´sis espectral y el me´todo de las anchuras equiva-
lentes (EW ).
El me´todo de sinte´sis espectral hace uso de espectros teo´ricos con el objetivo de encontrar
una solucio´n que reproduzca el espectro observado. El me´todo de las anchuras equivalentes
aprovecha la sensibilidad de las l´ıneas de´biles a los para´metros estelares. Estas dos te´cnicas
se basan en dos conjuntos de herramientas ba´sicas:
(i) Una red equiespaciada de modelos de atmo´sfera estelar, como pueden ser los de KU-
RUCZ (Kurucz 1993) y los de MARCS (Gustafsson et al. 2008).
(ii) Un co´digo capaz de resolver el problema del transporte radiativo, por ejemplo MOOG
(Sneden 1973) o turbospectrum (Alvarez & Plez 1998).
(iii) Un listado de l´ıneas espectrales o rasgos de intere´s, junto a sus para´metros ato´micos.
(iv) Un programa externo para conectar estas herramientas con un algoritmo computa-
cional para encontrar el mejor modelo que se ajusta a los datos observacionales (un
algoritmo de optimizacio´n o de resolucio´n de ecuaciones no lineales).
La implementacio´n de estas metodolog´ıas depende en que rasgos o l´ıneas espectrales
se usen para obtener los para´metros estelares. De forma general los me´todos sinte´ticos
usan algoritmos de optimizacio´n por fuerza bruta (χ2) basados en una red equiespaciada
de modelos atmosfe´ricos previamente calculados (ver Valenti & Piskunov 1996; Gonza´lez
Herna´ndez et al. 2004; Allende Prieto et al. 2006). Los espectros te´oricos suelen ser divi-
didos en rangos de intere´s o por el contrario se usa todo el rango espectral observado para
encontrar el mejor modelo que reproduce los datos.
El me´todo de las anchuras equivalente emplea una te´cnica cla´sica que se basa en el equi-
librio de ionizacio´n y excitacio´n. Este me´todo aprovecha la sensibilidad de las l´ıneas de Fe
i, ii a los para´metros estelares, este me´todo ha sido empleado varios estudios previos (por
citar algunos, ver, Ghezzi et al. 2010; Magrini et al. 2010; Mucciarelli et al. 2013; Santos
et al. 2004; Sousa et al. 2008; Tabernero et al. 2012; Blanco-Cuaresma et al. 2014), usando
generalemente un algoritmo de optimizacio´n o de resolucio´ de ecuaciones. La forma ma´s
usual de resolver este problema es construir una forma cuadra´tica que englobe las condi-
ciones de equilibrio necesarias, aplicadas a las l´ıneas de hierro para calcular los para´metros
estelares de una estrella problema.
El me´todo de las anchuras equivalentes hace uso de la intensidad de las l´ıneas de hierro.
Las anchuras equivalentes de las l´ıneas de hierro. deseadas pueden obtenerse de forma
automa´tica o manual. Para este propo´sito existen algunas herramientas automa´ticas, como
por ejemplo: ARES (Sousa et al. 2007), DAOSPEC (Stetson & Pancino 2008), y TAME
(Kang & Lee 2012). Estas herramientas necesitan de para´metros de entrada que pueden
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ser modificados atendiendo a la calidad y cualidades del espectro que se desea analizar (i.e:
la posicio´n del pseudocontinuo estelar, la lista de l´ıneas a usar, para´metros para detectar
l´ıneas en base a la resolucio´n del espectro, ...).
Por ejemplo, existen varias aproximaciones para ajustar estos para´metros, particular-
mente Kang & Lee (2012) o Sousa et al. (2008) sugieren como ajustar el para´metro para
localizar el pseudocontinuo estelar (rejt) de TAME o ARES en funcio´n de la relacio´n sen˜al
a ruido de cada espectro. Otros para´metros de ARES (o TAME) son: smoother - el
para´metro recomendado para suavizar las derivadas usadas para indentificar l´ıneas espec-
trales, space- el intervalo de separacio´n (en
◦
A) a cada lado de la longitud de onda central de
la l´ınea para calcular su anchura equivalente, lineresol - la mı´nima distancia para ARES (o
TAME) para resolver l´ıneas, y finalmente miniline - es la anchura equivalente ma´s pequen˜a
que sera´ escrita a la salida del programa. Para una mejor interaccio´n con estos programas
se suele programar una rutina que se encarga de asignar los para´metros que le corresponden
a cada espectro problema (ver Cap´ıtulo 4, Gonza´lez Herna´ndez et al. 2010; Cantat-Gaudin
et al. 2014).
Todas las metodolog´ıas necesitan una lista de l´ıneas, usando una estrella de referencia
para elegirlas (normalmente se usa el Sol, e.g, Santos et al. 2004; Sousa et al. 2008). Sin
embargo, en algunos casos esta estrella de referencia puede ser diferente, una estrella de tipo
espectral K (Tsantaki et al. 2013), o incluso una estrella gigante (Hekker & Mele´ndez 2007).
Las l´ıneas seleccionadas deben estar tan aisladas como sea posible, de tal manera que sea
posible evitar la contaminacio´n de las medidas de anchura equivalente por l´ıneas vecinas,
ver tambie´n el trabajo reciente de Sousa et al. (2014), el cual describe un procedimiento
para obtener una lista de l´ıneas homoge´nea para estrellas de tipo solar.
0.1.5 Abundancias qu´ımicas
Una vez los para´metros estelares han sido determinados, es un proceso inmediato calcu-
lar las abundancias para distintos elementos qu´ımicos. Como se hizo con el hierro, las
abundancias para otros elementos pueden ser calculados usando el me´todo de las anchuras
equivalentes o el me´todo sinte´tico.
Las anchuras equivalentes pueden determinarse automa´ticamente como se hace con las
l´ıneas de hierro. En cuanto se miden estas l´ıneas el ana´lisis puede hacerse usando, por
ejemplo, el co´digo MOOG (usando la rutina “abfind”, ver Sneden 1973) usando el modelo
correspondiente (MARCS o KURUCZ) a los para´metros estelares previamente obtenidos.
Las abundancias de MOOG o turbospectrum son normalmente dadas en “escala ab-
soluta”1, necesitando ser convertidos a los valores [X/H], cuyo valor de referencia son las
abundancias de la fotosfera solar. Existen dos posibilidades para hacer esta conversio´n,
una de ellas es el uso de valores externos obtenidos por estudios dedicados al calculo de las
abundancias solares (tomadas por ejemplo de, Anders & Grevesse 1989; Grevesse & Sauval
1log (ǫ(X)) = log N(X)/N(H) + 12 N(X) y N(H) respresentan la densidad de columna de los elementos
X y H, respectivamente.
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1998; Grevesse et al. 2007; Asplund et al. 2009). Otra posibilidad es usar un espectro solar
tomado con la misma configuracio´n instrumental que los datos. Normalmente, este espectro
solar puede ser usado para calcular abundancias como si fuera cualquier otra estrella (Sousa
et al. 2008; Neves et al. 2009; Gonza´lez Herna´ndez et al. 2010, 2013; Tabernero et al. 2012)
y referir la escala a estos valores solares.
0.2 Descripcio´n del trabajo
En esta tesis se han caracterizado mas de un millar de estrellas de los u´ltimos tipos espec-
trales. Para realizar esta caracterizacio´n se ha empleado espectroscop´ıa de alta resolucio´n
(R > 40,000) tomada en diferentes instrumentos, HERMES en el telescopio Mercator de
La Palma, FOCES en el telescopio de 2.2m de Calar Alto, el espectro´grafo Coude-Echelle
en el telescopio de 2m Alfred- Jensch-Teleskop de Tautenburg, y UVES en el “Very Large
Telescope” de La Silla. La espectroscop´ıa estelar es una herramienta moderna de la que
se puede obtener gran cantidad de informacio´n de cualquier estrella. Particularmente,
se han obtenido sus para´metros estelares, siendo estos: la temperatura efectiva (Teff), la
gravedad superficial (log g), la velocidad de microturbulencia (ξ), y la abundancia de hierro
([Fe/H], usada para representar el contenido meta´lico de la estrella). Adema´s, usando estos
para´metros ha sido posible obtener la composicio´n qu´ımica para 20 especies qu´ımicas difer-
entes: Na, Mg, Al, Si, Ca, Sc, Ti, V, Cr, Mn, Fe, Co, Ni, Cu, Zn, Y, Zr, Ba, y Nd, las cuales
ofrecen varias o unas pocas transiciones en el rango espectral de los instrumentos en que
los datos fueron tomados. Este trabajo abarca dos publicaciones en la revista Astronomy
& Astrophysics. La primera trata del “chemical tagging” aplicado al supercu´mulo de las
Hı´ades (ver el Cap´ıtulo 2 o Tabernero et al. 2012, A&A, 547, A13). El segundo art´ıculo
es un estudio en profundidad de la composicio´n qu´ımica de los miembros candidatos al
grupo de movimiento de la Osa Mayor (ver el Cap´ıtulo 3 o Tabernero et al. 2014, A&A,en
prensa). Adema´s, se incluye un cap´ıtulo adicional que abarca el ana´lisis de las estrellas de
La Galaxia provenientes del “Gaia ESO Survey” (GES, Gilmore et al. 2012; Randich &
Gilmore 2013) cuyos datos han contribuido a la publicacio´n de algunos art´ıculos que hacen
uso de los resultados del “GES” Jofre et al. (2014); Lanzafame et al. (2014); Smiljanic et
al. (2014); Sousa et al. (2014); Spina et al. (2014a,b). Los art´ıculos aqu´ı mencionados se
refieren a la caracterizacio´n de estrellas de los u´ltimos tipos espectrales (estrellas de tipos
F, G, y K). Esta tesis hace uso del ca´lculo de para´metros estelares y abundancias qu´ımicas.
El Cap´ıtulo 2 titulado “Chemically tagging the Hyades Supercluster: A homogeneous
sample of F6-K4 kinematically selected northern stars” se corresponde con el trabajo pub-
licado en Tabernero et al. (2012). Este trabajo es un estudio detallado de la composicio´n
qu´ımica de miembros candidatos al supercu´mulo de las Hı´ades. Se han estudiado un total
de 61 estrellas, de entre ellas 28 (26 enanas y 2 gigantes) muestran abundancias que son
compatibles con el cu´mulo de las Hı´ades. En este art´ıculo se dan sus para´metros estelares y
las abundancias para 20 elementos qu´ımicos diferentes. Los resultados de presente estudio
son usados en el Cap´ıtulo 3 para compararlos con resultados del grupo de movimiento de
la Osa Mayor.
0.2. Descripcio´n del trabajo xv
El Cap´ıtulo 3 titulado “Chemical tagging of the Ursa Major moving group: A northern
selection of FGK stars” es un trabajo ana´logo al Cap´ıtulo 2 Tabernero et al. (2014) salvo
que esta´ centrado en el grupo de movimiento de La Osa Mayor. Nuevamente, se determina
la composicio´n qu´ımica y los para´metros estelares de 45 candidatos. De estos 45, 29 de
ellos parecen compartir una composicio´n qu´ımica similar. La composicio´n del supercu´mulo
de las Hı´ades obtenida en el Cap´ıtulo 2 es comparado con los resultados del grupo de la
Osa Mayor, demostra´ndose que las abundancias de ambos grupos podr´ıan ser distinguibles
entre s´ı y con las estrellas de campo, aunque esta diferencia no parece ser muy significativa.
El Cap´ıtulo 4 titulado “Gaia-ESO Survey: Characterization of FGK stars” abarca el
ana´lsis del primer an˜o de observaciones del “the Gaia-ESO Survey” (Gilmore et al. 2012;
Randich & Gilmore 2013). En este cap´ıtulo se analizan entorno a 1600 estrellas de forma
similar a los dos cap´ıtulos anteriores. En este cap´ıtulo se presentan las abundancias qu´ımicas
y los para´metros estelares para estas estrellas. GES representa una gran oportunidad para
buscar nuevos candidatos a pertenecer a grupos de movimiento o incluso nuevos grupos.
El Cap´ıtulo 5 corresponde a las conclusiones de la tesis. El Cap´ıtulo 6 es una lista de publi-
caciones de aquellos art´ıculos relacionados con esta tesis que no pudieron ser incluidos aqu´ı
directamente. El trabajo descrito en el Cap´ıtulo 4 ha sido utilizado en dichas publicaciones.
0.2.1 Resumen
Esta tesis se ha desarrollado bajo la prometedora oportunidad para estudiar el origen de
los grupos cine´maticos estelares empleando la te´cnica del “chemical tagging”. Para este
trabajo se ha hecho uso de espectros echelle de alta resolucio´n tomados en La Palama
durante la tesis. Observaciones adicionales de otros colaboradores (ver Cap´ıtulos 2 y 3),
y los espectros tomados durante el Gaia-ESO Survey (Cap´ıtulo 4). Los resultados de esta
tesis pueden resumirse aqu´ı:
1. Ana´lisis qu´ımico de candidatos a pertenecer al supercu´mulo de las Hı´ades:
• Espectros echelle de alta resolucio´n de 61 estrellas fueron tomados y analiza-
dos. Su rango espectral es suficiente para abarcar todas las l´ıneas espectrales
necesarias para su caracterizacio´n.
• Un co´digo automa´tico (StePar) ha sido constru´ıdo. Este co´digo permite calcu-
lar para´metros estelares (Teff , log g, ξ, y [Fe/H]) en pocos minutos.
• Abundancias qu´ımicas (i.e., [X/H], [X/Fe]) de 20 elementos qu´ımicos diferentes
(Na, Mg, Al, Si, Ca, Ti, V, Cr, Mn, Co, Fe, Ni, Cu, Zn, Y, Zr, Ba, Ce, y Nd) han
sido calculadas usando los para´metros estelares calculados con StePar. Estas
abundancias son escaladas a los valores solares usando el espectro de un asteroide
(Vesta) como referencia solar.
• El co´digo automa´tico ARES (Sousa et al. 2007) ha hecho posible medir las an-
churas equivalentes necesarias para el ana´lisis espectrosco´pico. En total hay unas
500 l´ıneas espectrales por estrella, haciendo un total de 16.500 l´ıneas individuales
que fueron medidas de forma automa´tica y exitosa.
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• Se han determinado las abundancias diferenciales (∆[X/H]) escaladas a una es-
trella de referencia perteneciente al cu´mulo de las Hı´ades (VB 153, ver Paulson
et al. 2003).
• Los resultados de pertenencia han sido trasladados a un diagrama log g-log Teff
para obtener unos mejores resultados.
2. El ana´lisis qu´ımico de estrellas candidatas al grupo de movimiento de la Osa Mayor:
• Espectros echelle de alta resolucio´ de 45 estrellas han sido tomados y analizados.
Estos espectros han sido tomados en tres instumentos diferentes. Ha sido posible
cuantificar el impacto que tiene el uso de diferentes instrumentos en el ana´lisis
espectrosco´pico.
• El co´digo automa´tico StePar (ver el Cap´ıtulo 2 y Tabernero et al. 2012) ha
sido utilizado para el ca´lculo de los para´metros estelares (Teff , log g, ξ, y [Fe/H]).
• Se han aplicado me´todos alternativos para el ca´lculo de los para´metros estelares.
Hemos realizdo una comparacio´n en profundidad comparando los resultados es-
pectrosco´picos con la temperatura efectiva del me´todo infrarojo y las gravedades
Hipparcos.
• Como en el caso del supercu´mulo de las Hı´ades se han calculado las abundancias
qu´ımicas (i.e., [X/H], [X/Fe]) para 20 elementos diferentes (Na, Mg, Al, Si, Ca,
Ti, V, Cr, Mn, Co, Fe, Ni, Cu, Zn, Y, Zr, Ba, Ce, y Nd) usando los para´metros
calculados con StePar. Como en el caso anterior, el co´digo ARES ha jugado
un papel imporante para calcular las anchuras equivalentes necesarias para este
ana´lisis.
• El ana´lisis de tres espectros solares (Vesta y La Luna) ha permitido una com-
paracio´n de entre los resultados obtenidos por diferentes espectro´grafos.
• Las abundancias diferenciales (∆[X/H]) respecto a una estrella de referencia
perteneciente al grupo de movimiento de la Osa Mayor (HD 115043, ver King
et al. 2003).
• Usando las abundancias del supercu´mulo de las Hı´ades, las del grupo de movimiento
de la Osa Mayor, ha sido posible establecer la diferencia entre estos grupos y las
estrellas del disco fino.
• La pertenencia obtenida para este grupo ha sido trasladada a un diagrama log g-
log Teff , permitiendo verificar los resulados del ana´lisis qu´ımico. Tambie´n se
refleja en el diagrama de velocidades que se eliminan algunas estrellas cuyas
velocidades U , V , y W se desv´ıan mucho de la velocidad central del grupo.
3. El ana´lisis llevado a cabo en el marco del “Gaia-ESO Survey” (GES):
• La colaboracio´n de GES ha tomado ma´s de 1400 espectros de alta resolucio´n con
UVES. Estas observaciones cubren varias regiones de intere´s en La Vı´a La´ctea.
El trabajo realizado durante esta tesis abarca las tareas realizadas en el grupo
WG11 (estrellas de campo y de cu´mulos viejos) y el grupo WG12 (estrellas
presecuencia principal y estrellas en cu´mulos jo´venes).
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• El co´digo automa´tico (StePar) ha sido adaptado para cumplir las “restric-
ciones” impuestas por GES (listas de l´ıneas, para´metros ato´micos y modelos de
atmo´sfera. Este co´digo permite obtener los para´metros estelares (Teff , log g, ξ, y
[Fe/H]).
• TAME (Kang & Lee 2012) ha reemplazadado a ARES como la herramienta usada
para medir anchuras equivalentes.
• Se han calculado las abundancias qu´ımicas (i.e., [X/H], [X/Fe]) de 13 elemen-
tos diferentes (Li, Na, Mg, Al, Si, Ca, Ti, V, Cr, Mn, Co, Fe, Ni) usando los
para´metros obtenidos con StePar. Un nuevo co´digo llamado StaAbu ha sido
escrito para analizar la inmensa cantidad de datos para calcular las abundancias
qu´ımicas.
• Se han realizado varios tests de consistencia interna para las abundancias qu´ımicas
y los para´metros estelares.
• Las estrellas patro´n (“Benchmark stars”) han sido estudiadas en profundidad,
se han verificado los errores debidos a analizar de la misma forma diferentes
espectros para una misma estrella.
• Se han usado algunos cu´mulos jo´venes (hasta 1 Ga) para verificar la hipo´tesis de
base del “chemical tagging”, y as´ı como su posicio´n respecto a isocronas teo´ricas.
0.2.2 Conclusiones
Las conclusiones que se derivan de este trabajo pueden resumirse aqu´ı:
1. Estrellas candidatas a pertencer a dos grupos de movimiento cla´sicos (El supercu´mulo
de las Hı´ades y el grupo de La Osa Mayor) han sido observados usando espectroscop´ıa
echelle de alta resolucio´n.
2. Una caracterizacio´n sin precedentes de ma´s de mil estrellas ha sido llevada acabo
dentro “Gaia-ESO Survey” (GES). El cual ha supuesto un inmenso campo de pruebas
para herramientas utilizables para la explotacio´n de espectroscop´ıa de alta resolucio´n
procedente de grandes colaboraciones.
3. TAME y ARES son herramientas automa´ticas que son muy u´tiles para calcular an-
churas equivalentes de forma automa´tica.
4. El co´digo StePar ha demostrado ser una herramienta muy u´til para calcular para´metros
estelares de forma automa´tica. Se ha utilizado para analizar objetos muy diferentes.
Estos objetos incluyen estrellas de tipo FGK, enanas, gigantes, de metalicidad solar,
pobres en metales y estrellas presecuencia principal
5. SteAbu es tambie´n otra herramienta potente para calcular abundancias qu´ımicas de
forma automa´tica e inmediata.
6. El ana´lisis de abundancias del supercu´mulo de las Hı´ades muestra que las 28 estrellas
finalmente selecccionadas son consistentes con la isocrona de las Hı´ades, tal y como
se esperar´ıa si se hubieran evaporado del cu´mulo de las Hı´ades. El porcentaje de
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miembros encontrados en este trabajo (46%) comparado con otros autores, demuestra
la importancia de la seleccio´n de la muestra y de un ana´lisis qu´ımico detallado.
7. El porcentaje de miembros encontrados para el grupo de movimiento de la Osa Mayor
(66%) indica que este grupo se ha originado probablemente en un cu´mulo ya disper-
sado. Resultados similares habian sido sen˜alados anteriormente por otros autores
(tales como King et al. 2003; King & Schuler 2005; Ammler-von Eiff & Guenther
2009).
8. Es posible encontrar miembros que se originaron de un cu´mulo dispersado usando el
“chemical tagging”. En particular, algunos candidatos del supercu´mulo de las Hı´ades
pueden ser identificados como antigu´os miembros del cu´mulo de las Hı´ades usando su
composicio´n qu´ımica.
9. El diagrama log g-log Teff para el supercu´mulo de las Hı´ades y el grupo de movimiento
de la Osa Mayor, implica una prueba adicional para verificar las hipo´tesis del “chem-
ical tagging”. Cuando se hace uso de las gravedades Hipparcos, los miembros
obtenidos con el uso de las abundancias qu´ımicas concuerda con lo observado en
el diagrama log g-log Teff .
10. Las velocidades gala´cticas U , V , y W no sirven so´lo para hacer una primera seleccio´n
de candidatos. Al cruzar esta informacio´n con la que proviene de las abundancias
qu´ımicas algunos puntos alejados de la velocidad central del grupo quedan descarta-
dos.
11. Los cu´mulos del “Gaia-ESO Survey” (GES) pueden ser usados para verificar la infor-
macio´n que puede obtenerse con las abundancias de diferentes elementos. Con esta
informacio´ sera´ posible buscar nuevos grupos de movimiento o nuevos candidatos a los
ya conocidos. Adema´s, las estrellas patro´n del GES pueden ser usadas para calcular
los errores internos que afectan a cada paso del ana´lisis que lleva a las abundancias
qu´ımicas.
12. Las herramientas desarrolladas durante este trabajo han sido adaptadas para las
“restricciones” del “Gaia-ESO Survey” (GES) (para´metros ato´micos, modelos de
atmo´sfera). Tambie´n, estas herramientas pueden obtener de manera automa´tica exce-
lenetes para´metros estelares y abundancias qu´ımicas cuando son comparadas con otros
grupos dentro de GES (ver Lanzafame et al. 2014; Smiljanic et al. 2014). Tambie´n
estos resultados han contribuido a varias publicaciones de GES (ver Cap´ıtulo 6).
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1Introduction
1.1 Stellar kinematic groups
Stellar kinematic groups (SKGs) (superclusters (SCs), moving groups (MGs)) are kine-matic coherent groups of stars introduced by Olin Eggen (Eggen 1958, 1984, 1989, 1994).
These publications suggest that these groups can be the outcome of the dissolution of open
clusters into the general population of stars. In general any open cluster is dismantled
under the action of the galactic gravitational potential. Stars are spread within our Galaxy
by two mechanisms: galactic differential rotation, and disc heating (see Wielen 1971).
However, these groups can be originated also by other means. Star overdensities in some
regions of Galactic velocity UV-plane may be also a result of global dynamical mechanisms,
due to the non-axisymmetry of the Galaxy (Famaey et al. 2005). Namely, the presence of a
rotating central bar (e.g. Dehnen 1998; Fux 2001; Minchev et al. 2010) and spiral arms (e.g.
Quillen & Minchev 2005; Antoja et al. 2009, 2011), or both (see Quillen 2003; Minchev &
Famaey 2010).
Several works have shown the existence of different age subgroups that are located in
the region of the velocity plane as the classical MGs (Asiain et al. 1999). Among them there
are some young MGs, such as the Hyades SC (600 Myr), the Ursa Major MG (Sirius SC,
300 Myr), the Local Association or Pleiades MG (20 to 150 Myr), the IC 2391 SC (35-55
Myr), and the Castor MG (200 Myr) (see Fig. 1.1, and Montes et al. 2001a; Klutsch et
al. 2014). This information suggests that young stars of the same age and field-like stars
can coexist in these kinematical structures (Famaey et al. 2007, 2008; Antoja et al. 2008;
Klement et al. 2008; De Silva et al. 2008; Francis & Anderson 2009a,b; Zhao et al. 2009).
1
2 CHAPTER 1. Introduction
Figure 1.1— Galactic space-velocity components for the young moving groups studied in Montes et al.
(2001a,b)
1.2 Chemical tagging
There are two complementary approaches to address the origin of these structures. One
of them is the use of different age indicators (i.e: lithium I at 6707.8
◦
A, chromospheric
activity). This approach makes possible to assess the contamination of field stars among
late-type candidate members of a SKG (e.g. Montes et al. 2001b; Mart´ınez-Arna´iz et al.
2010; Lo´pez-Santiago et al. 2006, 2009; Lo´pez-Santiago et al. 2010; Maldonado et al. 2010).
The Second approach is the detailed analysis of their chemical composition (chemi-
cal tagging). This methodology is based on two hypothesis. First, the abundance of heavy
chemical elements remains unchanged as any cool star evolves (Freeman & Bland-Hawthorn
2002). Second, the chemical content of a group of stars formed in a cluster is a unique sig-
nature of their parental gas cloud (Bland-Hawthorn et al. 2010). The chemical tagging is a
very powerful approach that can highlight the origin of these structures (see, Mitschang et
al. 2013, and references therein).
Another step to test the validity of the chemical tagging based hypothesis is to study
the chemical content of open clusters. There are studies of some open clusters, such as the
Hyades and Collinder 261 (Paulson et al. 2003; De Silva et al. 2006, 2007a, 2009). These
studies proved that chemical information is preserved within the cluster members and that
the possible effects of any external sources of pollution are negligible (see Fig. 1.2). The next
natural step is to perform the same analysis on SKGs. The chemical tagging method has so
far only been used in the three old SKGs: the Hercules stream (Bensby et al. 2007) whose
stars have different ages and chemistry (associated with dynamical resonances, namely a
bar or spiral structure), HR 1614 (De Silva et al. 2007b, 2009), and Wolf 630 (Bubar &
King 2010). The last two appear to be true MGs (debris of star-forming aggregates in the
disc). Also, the chemical tagging has been used to probe the Hyades SC (see Pompe´ia
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Figure 1.2— Comparison figure from De Silva et al. (2009), abundances of HR1614 moving group stars
(triangles, De Silva et al. 2007b) compared to the Hyades cluster (circles, De Silva et al. 2006), and Collinder
261 (squares, De Silva et al. 2007a). The small open symbols represent background field stars (Edvardsson
et al. 1993; Reddy et al. 2003; Allende Prieto et al. 2004)
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et al. 2011; De Silva et al. 2011). The results among the literature are variable, Pompe´ia
et al. (2011) and De Silva et al. (2011) found that the element abundances of only 10–
15% of stars are similar to those of the original cluster members. In spite of differences
in these studies, all of them agree that all the Hyades SC members cannot bellong to the
Hyades cluster only. The Hyades SC is not a unique case, De Silva et al. (2013) linked
the open cluster IC2391 and the Argus association using chemical analysis. Most of these
studies show a part of these structures can be linked to a dissolved cluster. Furthermore,
the Ursa Major (UMa) MG has been previously chemically tagged by Ammler-von Eiff &
Guenther (2009), Biazzo et al. (2012), D’Orazi et al. (2012). These studies showed that
Ursa Major MG is consistent with a dispersed cluster according to its chemical composition.
1.3 Galactic space-velocity components
The Galactic velocities are employed to determine the potential candidates to MGs. The
chemical information by itself is not sufficient to properly identify any likely members of
SKGs. Therefore some information on the kinematics is needed before any kind of analysis
is performed. The determination of the of the U , V , and W velocities is done as in Montes
et al. (2001a). Here the Galactic velocities are in the right-handed coordinated system
(positive in the directions of the Galactic centre, Galactic rotation, and the North Galactic
Pole, respectively).
Particularly, Montes et al. (2001a) used a modified version of the procedures described
in Johnson & Soderblom (1987) to perform the velocity calculation and associated errors.
The original algorithm (which required epoch 1950 coordinates) was adapted in Montes
et al. (2001a) to epoch J2000 coordinates in the International Celestial Reference System
(ICRS) as described in the Introduction and Guide to the Data (section 1.5) of the ESA
(1997).
The Galactic space-velocity components are obtained from astrometric data. Basically,
it is a coordinate transformation applied to the velocity vector with the aid of the astro-
metric data. In particular, parallax, proper motions (in equatorial coordinates), and the
radial velocity of a given star (see e.g., Montes et al. 2001a,b; Lo´pez-Santiago et al. 2006,
2009; Lo´pez-Santiago et al. 2010; Maldonado et al. 2010) are employed.
Radial velocities are obtained from the Doppler shift of spectral lines. This is usually
achieved using a cross-correlation with the spectrum of at least one radial velocity standard
star. The routine fxcor in IRAF 1 can be used to obtain the radial velocity. The spectra of
standard stars, which were observed in the same instrumental configuration and/or spectral
type of the stars to anylse (Mart´ınez-Arna´iz et al. 2010; Lo´pez-Santiago et al. 2010). Also,
another option is to use synthetic spectra, such as the Kurucz solar ATLAS (Kurucz et al.
1984) or a previously generated grid of theoretical stellar spectra (Sacco et al. 2014).
Parallaxes and proper motions are usually taken from external catalogues, such as from
1IRAF is distributed by the National Optical Observatory, which is operated by the Association of
Universities for Research in Astronomy, Inc., under contract with the National Science Foundation.
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the Hipparcos and Tycho catalogues (ESA 1997), the Tycho-2 catalogue (Høg et al. 2000),
and the new reduction of the Hipparcos catalogue (van Leeuwen 2007). Using these three
ingredients, the Galactic space velocity components can be obtained following the recipe
described by Montes et al. (2001a), which merely consists on deriving the velocities on the
tangential plane to the sphere in equatorial coordinates (using proper motions and paral-
laxes). This will give us two velocity components and the third component is the radial
velocity. Then, the resulting vector is transformed into galactic coordinates. This final
result provides us with the aimed Galactic space-velocity components.
1.4 Stellar atmospheric parameters
The stellar atmospheric parameters (Teff , log g, and ξ) and metallicity ([Fe/H]) are an im-
portant and required previous step to obtain the chemical abundances. The atmospheric
parameters are normally obtain from two points of view: The synthetic method and the
EW one.
The synthetic method relies on model spectra, with the aim of finding a solution that
matches the observed spectrum. The EW method relies on the sensitivity of weak lines
to the stellar atmospheric parameters. Both of them are based on a set of common basic
tools:
(i) Grid of stellar atmospheric models, such as KURUCZ (Kurucz 1993) and MARCS
(Gustafsson et al. 2008).
(ii) A code to solve the radiative transfer problem, as for example the MOOG code
(Sneden 1973) or turbospectrum (Alvarez & Plez 1998).
(iii) List of spectral lines/features to study, alongside their atomic parameters.
(iv) A external program to wrap all of the above alongside a computer algorithm to find
the best parameters that fit the observational data (a optimization algorithm/root-
finding).
The implementation of these methodologies varies depending on the spectral/lines fea-
tures used to obtain the stellar atmospheric parameters. Usually, the synthetic methods
are based on a brute-force (χ2) minimization algorithm using a precomputed grid of at-
mospheric models (see Valenti & Piskunov 1996; Gonza´lez Herna´ndez et al. 2004; Allende
Prieto et al. 2006). The theoretical spectra are either sometimes divided into pieces of
interest or the full spectral range of the observations is used to find the best atmospheric
model that reproduces the data.
The EW method employs the classical technique based on the iron ionization and ex-
citation balance. It takes advantage of the sensitivity of Fe i, ii lines to the different
stellar atmospheric parameters. This method has been exploited in several studies (see
e.g., Ghezzi et al. 2010; Magrini et al. 2010; Mucciarelli et al. 2013; Santos et al. 2004;
Sousa et al. 2008; Tabernero et al. 2012; Blanco-Cuaresma et al. 2014), using in general
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a minimization or a root-finding algorithm. The most usual way is to use a function that
combines quadratically the required equilibrium conditions for the iron lines to constrain
the stellar parameters of a given target.
The EW methodology relies on the strengths of iron spectral lines. Thus, the required
EW determination of these Fe lines can be carried out automatically or manually. There
are some automatic tools for this purpose, as for example: ARES (Sousa et al. 2007),
DAOSPEC (Stetson & Pancino 2008), and TAME (Kang & Lee 2012). All these tools ac-
cept some input parameters that can be modified depending on the quality of the spectrum
to analyse (i.e. the position of the stellar pseudo-continuum, the line list to use, parameters
to detect lines according to the resolution of the spectrum, ...). For example, the approach
of Sousa et al. (2008) or Kang & Lee (2012) suggest how to adjusts the continuum placement
parameter (rejt) of ARES or TAME according to the signal to noise ratio (S/N) of each
spectrum. Other ARES (or TAME) parameters usually employed are smoother – the rec-
ommended parameter for smoothing the derivatives used for line identification, space – the
wavelength interval (in
◦
A) from each side of the central line to perform the EW computa-
tion, lineresol – the minimum distance for TAME to resolve lines, and miniline – mininum
EW that is printed in the output. Also, to make a more easy interaction with this kind of
programs, it is not unusual to write a wrapper program that cares about each spectrum,
setting the required input parameters according to the data to analyse (see Chapter 4,
Gonza´lez Herna´ndez et al. 2010; Cantat-Gaudin et al. 2014).
All these methodologies need a line list and a template star. The latter is usually the
Sun (e.g, Santos et al. 2004; Sousa et al. 2008). However, the template star can also be in
a cool K star (Tsantaki et al. 2013), or a giant (Hekker & Mele´ndez 2007). The selected
lines must be as unblended as possible. To avoid any neighbouring lines that can affect the
EW measurements, the reader is referred to the recent work of Sousa et al. (2014) that
describes the procedure for defining a homogenous line-list for solar-type stars.
1.5 Elemental abundances
Once the stellar atmospheric parameters are derived, it is nearly immediate to compute the
element abundances. Again, the abundances can be calculated using the equivalent width
(EW ) method or the synthetic method.
The EW s can be determined automatically as it is done for the Fe lines (using for
example one of the codes mentioned in the previous section). Once the EW s had been
measured, the analysis can be carried out using, for instance, the MOOG code (with the
abfind driver, see Sneden 1973) and the MARCS or KURUCZ model corresponding to the
derived atmospheric parameters. This is a very straight-forward calculation in the case of
the EW s.
Abundances from MOOG or turbospectrum are usually given in the output in an “abso-
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lute scale”2 that need to be converted into [X/H], where the solar photospheric abundance
values are the zero point of the scale. There are two approaches to do the conversion, one
option is to employ external values determined by dedicated studies (taken for example
from, Anders & Grevesse 1989; Grevesse & Sauval 1998; Grevesse et al. 2007; Asplund et
al. 2009). Other approach is to acquire one solar spectrum with the same instrument as the
data. Normally, the solar spectrum is taken from a Lunar or an asteroid spectrum (Sousa
et al. 2008; Neves et al. 2009; Gonza´lez Herna´ndez et al. 2010, 2013; Tabernero et al. 2012,
2014). Therefore, this solar spectrum can be used to compute the chemical abundances as
any other star, and then refer the abundance scale to these solar photospheric values.
1.6 Description of the work
In this thesis we have characterized more than one thousand late-type stars. For this
characterization we have been making use of high resolution spectroscopy (R > 40,000)
taken in different spectrographs, HERMES at the Mercator telescope in La Palma, FOCES
in the 2.2m telescope at Calar Alto, the Coude´-Echelle spectrograph at 2 m-the Alfred-
Jensch-Teleskop in Tautenburg, and UVES at the Very Large Telescope in La Silla. Stellar
spectroscopy, in particular at high-resolution, is a modern tool that allows us to extract a
lot of information of a given star. In particular, we have obtained their atmospheric param-
eters, namely: effective temperature (Teff), surface gravity (log g), microturbulent velocity
(ξ), and iron abundance ([Fe/H], used as a metallicity proxy). Also, with these parameters
at hand we have derived chemical abundances for 20 different chemical elements: Na, Mg,
Al, Si, Ca, Sc, Ti, V, Cr, Mn, Fe, Co, Ni, Cu, Zn, Y, Zr, Ba, Ce, and Nd, which offer many
or at least some isolated transitions in the wavelength range of the spectra taken with these
spectrographs. This work comprises two publications in Astronomy & Astrophysics. The
first one is about chemical tagging applied to the Hyades SC (see Chapter 2 or Tabernero
et al. 2012, A&A, 547, A13). The second paper is a in-depth study of the chemical com-
position of candidate members to the Ursa Major MG (see Chapter 3 or Tabernero et al.
2014, A&A, in press). Additionally there is another chapter that comprises the analysis of
Galactic stars within the GAIA ESO Survey stars (GES, Gilmore et al. 2012; Randich &
Gilmore 2013) whose data have contributed to the publication of some release (Lanzafame
et al. 2014; Smiljanic et al. 2014) and science papers (Jofre et al. 2014; Sousa et al. 2014;
Spina et al. 2014a,b) that made use the survey results. The two papers included in this
thesis deal with the characterization of late-type stars (F, G, and K spectral types). In
particular, this thesis is based on the determination of stellar atmospheric parameters and
element abundances.
Chapter 2 entitled “Chemically tagging the Hyades supercluster: A homogeneous sam-
ple of F6–K4 kinematically selected northern stars” corresponds to the published work by
Tabernero et al. (2012). This work is a detailed study of the chemical composition of can-
didate members to the Hyades Supercluster. A total of 61 stars was studied, among them,
28 (26 dwarfs and 2 giants) showed abundances compatible to those of the Hyades cluster.
We derive their stellar parameters and abundances for 20 different chemical elements. The
2log ǫ(X) = log N(X)/N(H) + 12 N(X) and N(H) the number density of the element X and H respectively
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results presented in this study are later used in Chapter 3 in comparison with the Ursa
Major MG results.
Chapter 3 entitled “Chemical tagging of the Ursa Major moving group: A northern
selection of FGK stars” is an analogous work to Tabernero et al. (2012) but focuses on the
Ursa Major MG (Tabernero et al. 2014). Again, We present the chemical composition and
stellar parameters of 45 selected candidates. From these 45 candidates, 29 of them seem
to possess a similar composition. The composition for the Hyades supercluster obtained in
Chapter 2 is compared with the results of the Ursa Major MG. We then demonstrate then
that the chemical signature of each group are distinguishable (though marginally) from
each other and that of field stars.
Chapter 4 entitled “Gaia-ESO Survey: Characterization of FGK stars” comprises the
analysis of the first year of observations of the Gaia-ESO Survey (Gilmore et al. 2012;
Randich & Gilmore 2013). In this chapter around 1600 stars are analysed as in Chapters 2
and 3. Roughly speaking, this chapter presents the chemical abundances and stellar atmo-
spheric parameters for those stars. Also, it comprises a discussion regarding the quality
of the analysis carried out within the Gaia-ESO Survey framework. The data mining of
this survey presents an opportunity to obtain additional information on MGs (i.e. new
candidate members or even new moving groups).
Chapter 5 comprises the conclusions of the thesis. Chapter 6 is a list of publications of
the articles published directly related to the thesis that could not be included here directly.
All the work described in Chapter 4 is directly applied to those publications.
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Abstract
Stellar kinematic groups are kinematical coherent groups of stars that might have a common origin. These groups are
dispersed throughout the Galaxy over time by the tidal effects of both Galactic rotation and disc heating, although
their chemical content remains unchanged. The aim of chemical tagging is to establish that the abundances of every
element in the analysis are homogeneus among the members. We study the case of the Hyades Supercluster to compile
a reliable list of members (FGK stars) based on our chemical tagging analysis. For a total of 61 stars from the Hyades
Supercluster, stellar atmospheric parameters (Teff , log g, ξ, and [Fe/H]) are determined using our code called StePar,
which is based on the sensitivity to the stellar atmospheric parameters of the iron EWs measured in the spectra.
We derive the chemical abundances of 20 elements and find that their [X/Fe] ratios are consistent with Galactic
abundance trends reported in previous studies. The chemical tagging method is applied with a carefully developed
differential abundance analysis of each candidate member of the Hyades Supercluster, using a well-known member
of the Hyades cluster as a reference (vB 153). We find that only 28 stars (26 dwarfs and 2 giants) are members, i.e.
that 46 % of our candidates are members based on the differential abundance analysis. This result confirms that the
Hyades Supercluster cannot originate solely from the Hyades cluster.
Stellar kinematic groups (SKGs) –superclusters (SCs) and moving groups (MGs)– arekinematic coherent groups of stars (Eggen 1994) that could have a common origin. The
youngest and most well-studied SKGs are: the Hyades SC (600 Myr), the Ursa Major MG
(Sirius SC, 300 Myr), the Local Association or Pleiades MG (20 to 150 Myr), the IC 2391
SC (35-55 Myr), and the Castor MG (200 Myr) (Montes et al. 2001a). Since Olin Eggen
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introduced the concept of a MG and the idea that stars can maintain a kinematic signature
over long periods of time, their existence (mainly in the case of the old MGs) has been
disputed. There are two factors that can disrupt a MG: the Galactic differential rotation
which tends to disperse the stars, and the disc heating, which causes velocity the dispersion
of the disc stars to increase with age.
The overdensity of stars in some regions of the Galactic velocity UV-plane may also be
the result of global dynamical mechanisms linked with the non-axisymmetry of the Galaxy
(Famaey et al. 2005), namely the presence of a rotating central bar (e.g. Dehnen 1998; Fux
2001; Minchev et al. 2010) and spiral arms (e.g. Quillen & Minchev 2005; Antoja et al.
2009, 2011), or both (see Quillen 2003; Minchev & Famaey 2010). However, several works
have shown that different age subgroups are situated in the same region of the Galactic
velocity plane as the classical MGs (Asiain et al. 1999) suggesting that both field-like stars
and young coeval ones can coexist in MGs (Famaey et al. 2007, 2008; Antoja et al. 2008;
Klement et al. 2008; De Silva et al. 2008; Francis & Anderson 2009a,b; Zhao et al. 2009).
Using different age indicators such as the lithium line at 6707.8
◦
A, the chromospheric ac-
tivity level, and the X-ray emission, it is possible to quantify the contamination by younger
or older field stars among late-type candidate members of a SKG (e.g. Montes et al. 2001b;
Mart´ınez-Arna´iz et al. 2010; Lo´pez-Santiago et al. 2006, 2009; Lo´pez-Santiago et al. 2010;
Maldonado et al. 2010). However, the detailed analysis of the chemical content (chemical
tagging) is another powerful method that provide clear constraints on the membership to
these structures (Freeman & Bland-Hawthorn 2002).
Studies of open clusters such as the Hyades and Collinder 261 (Paulson et al. 2003; De
Silva et al. 2006, 2007a, 2009) have found high levels of chemical homogeneity, showing
that chemical information is preserved within the stars and that the possible effects of
any external sources of pollution are negligible. This chemical tagging method has so far
only been used in the three old SKGs: The Hercules stream (Bensby et al. 2007) whose
stars have different ages and chemistry (associated with dynamical resonances namely a
bar or spiral structure), HR 1614 (De Silva et al. 2007b, 2009), and Wolf 630 (Bubar &
King 2010) the last two appear to be true MGs (debris of star-forming aggregates in the
disc). In addition, Soderblom & Mayor (1993), King et al. (2003), King & Schuler (2005),
and Ammler-von Eiff & Guenther (2009) studied the Ursa Major MG and demonstrated,
in terms of chemical abundances and spectroscopic age determinations, that some of the
candidates are consistent with being members of a MG with a mean [Fe/H] =-0.085.
In this paper, we apply the chemical tagging method to a homogeneous sample of 61 F6-
K4 northern kinematically selected Hyades Supercluster (Hyades stream, or Hyades moving
group) candidates, most of them are main sequence stars, although some are giant stars.
In Sect. 2, we give details of our sample selection. Our observations and data reduction
methodology are described in Sect. 3. Descriptions of our codes to determine the stellar
parameters and chemical abundances are provided in Sect. 4. Our measurements of absolute
and differential abundances are given in Sect. 5. Finally in Sect. 6, we summarize our results
for the membership of the Hyades Supercluster derived from the chemical tagging method.
Identification of a significant number of late-type members of these young MGs would
be extremely important for a study of their chromospheric and coronal activity, and their
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age evolution, and could lead to a clearer understanding of the star formation history in
the solar neighborhood. In addition, these stars can also be selected as targets for direct
imaging campaigns to detect of sub-stellar companions (brown dwarfs and exoplanets).
2.1 Sample selection
The sample analyzed in this paper (see Table 2.4) was selected using kinematical criteria
based on the U , V andW Galactic velocities of a chosen target being within approximately
10 km s−1 of the mean velocity of the group (Montes et al. 2001a).
We also selected additional candidates and spectroscopic information about some of these
stars from Lo´pez-Santiago et al. (2010), Mart´ınez-Arna´iz et al. (2010), and Maldonado
et al. (2010). Some exoplanet-host star candidates were also taken fromMontes et al. (2010).
After the first stage of selection based on kinematical criteria, we then eliminated stars
that were unsuitable for our particular abundance analysis, namely stars cooler than K4
and hotter than F6, because for these stars we would have been unable to measure the
spectral lines required for our particular abundance analysis. We also discarded stars with
high rotational velocities, as well as those known to be spectroscopic binaries to avoid con-
tamination from the companion star during the analysis.
We recalculated the Galactic velocities of our selected targets by employing the radial
velocities and uncertainties derived using the HERMES spectrograph automated pipeline
(Raskin et al. 2011). However, some spectra were taken when the automated radial velocity
was not available, in these cases, we applied the cross-correlation method using the routine
fxcor in IRAF 1, by adopting a spectrum of the asteroid Vesta (as a solar reference) that
had been previously corrected for Doppler shift with the Kurucz solar ATLAS (Kurucz et
al. 1984). The radial velocities were derived after applying the heliocentric correction to the
observed velocity. Radial velocity errors were computed by fxcor based on the fitted peak
height and the antisymmetric noise, as described by Tonry & Davis (1979).The obtained
radial velocities and their associated errors are given in Table 2.4. Proper motions and
parallaxes were taken from the Hipparcos and Tycho catalogues (ESA 1997), the Tycho-
2 catalogue (Høg et al. 2000), and the new reduction of the Hipparcos catalogue (van
Leeuwen 2007).
The method employed in the determination of the U , V , and W velocities is the same
as that used in Montes et al. (2001a). The Galactic velocities are in a right-handed co-
ordinated system (positive in the directions of the Galactic center, Galactic rotation, and
the North Galactic Pole, respectively). Montes et al. (2001a) modified the procedures of
Johnson & Soderblom (1987) to perform the velocity calculation and associated errors.
This modified program uses coordinates adapted to the epoch J2000 in the International
Celestial Reference System (ICRS). The recalculted velocities are given in Table 2.4 and
plotted in the U , V , and W diagram in Fig. 2.1.
1IRAF is distributed by the National Optical Observatory, which is operated by the Association of
Universities for Research in Astronomy, Inc., under contract with the National Science Foundation.
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Figure 2.1— U , V , and W recalculated velocities for the possible members of the Hyades Supercluster.
Blue squares represent stars selected as members by the chemical tagging approach, red diamonds represent
stars that have similar Fe abundances, but not for all the elements. Orange circles represent three Hyades
cluster stars (BZ Cet, V683 Per, and ǫ Tau). Green triangles represent stars that do have similar Fe
abundances (as well as similar values of other elements). The big black cross indicate the U , V , and W
central location of the Hyades Supercluster (see Montes et al. 2001a). Dashed lines show the region where
the majority of the young disk stars tend to be according to Eggen (1984, 1989).
2.2 Observations
Spectroscopic observations (see Fig. 2.2) were obtained at the 1.2 m Mercator Telescope
at the Observatorio del Roque de los Muchachos (La Palma, Spain) in January, May, and
November 2010 with HERMES (High Efficiency and Resolution Mercator Echelle Spectro-
graph, Raskin et al. 2011). Using the high resolution mode (HRF), the spectral resolution




A approximately. Our signal-
to-noise ratio (S/N) ranges from 70 to 300 (160 on average) in the V band. A total of 92
stars were observed. We analyzed single main-sequence and giant stars (from F6 to K4),
including 61 candidates in total (including the Hyades cluster members BZ Cet, V683 Per,
and ǫ Tau, see Perryman et al. 1998) and the reference used in the differential abundance
analysis (vB 153).
All the obtained echelle spectra were reduced with the automatic pipeline (Raskin et
al. 2011) for HERMES. We later used several IRAF tasks to normalize the spectra order
by order, using a low-order polynomial fit to the observed continuum, merging the or-
ders into a unique one-dimensional spectrum and applying the Doppler correction required
for its observed radial velocity. When several exposures had been performed for the same
star we combined all of the individual spectra to obtain a unique spectrum with higher S/N .
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Figure 2.2— High resolution spectra for some representative stars from our sample (from top to bottom):
HD 27285 (G4 V), HD 53532 (G3 V), HD 98356 (K0 V), these three stars satisfy chemical taggingmembership
conditions, vB 153 (a K0 V reference star used in the differential abundances analysis) and BZ Cet (a K2
V, also member of the Hyades cluster). Lines used in the abundance analysis are highlighted on bottom.
2.3 Spectroscopic analysis
2.3.1 Stellar parameters
Stellar atmospheric parameters and abundances were computed using the 2002 version of
the MOOG code (Sneden 1973) and a grid of Kurucz ATLAS9 plane-parallel model at-
mospheres (Kurucz 1993). As damping prescription, we used the Unso¨ld approximation
multiplied by a factor recommended by the Blackwell group (option 2 within MOOG). The
atmospheric parameters were inferred from 263 Fe i and 36 Fe ii lines (the iron lines and
their atomic parameters were obtained from Sousa et al. 2008) iterating until the slopes
of χ versus (vs.) log ǫ(Fe i) and log (EW/λ) vs. log ǫ(Fe i) were zero (excitation equilib-
rium) and imposing ionization equilibrium, such that log ǫ(Fe i) = log ǫ(Fe ii). However,
we attempted to ensure that the [Fe/H] obtained from the iron lines matched the model
metallicity. To simplify the iterative procedure, we built an automatic code called StePar
that employs a Downhill Simplex Method (Press et al. 1992). The function to minimize is a
quadratic form composed of the excitation and ionization equilibrium conditions. The code
performs a new simplex optimization until the model’s metallicity and the iron abundance
are the same. The StePar code finds the best solution in the paramater space within min-
utes. The obtained solution for a given star is independent of the initial set of parameters
employed, hence we used the canonical solar values as initial input values (Teff=5777 K,
log g=4.44 dex, ξ=1 km s−1).
The uncertainties in the stellar parameters were determined as follows: for the micro-
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turbulence, we changed ξ until the slope of log ǫ(Fe i) vs. log (EW/λ) varied with its error
(divided by the square root of the number of Fe i lines). We varied the effective tempera-
ture until the slope log ǫ(Fe i) vs. χ increased up to its own error (divided by the square
root of the number of Fe i lines). By increasing ξ on its error, we recomputed the effective
temperature, these two sources of error are added in quadrature.
We varied the surface gravity until the Fe ii abundance increases by a quantity equal
to the standard deviation divided by the square root of the number of Fe ii lines. We also
took into account the previous errors in ξ and Teff by varying these quantities separately,
thus recomputing the gravity. These differences were later added in quadrature. Finally, to
determine the error in the Fe abundance, we varied the stellar atmospheric parameters in
their respective uncertainities, which enabled us to combine all the Fe i,ii variations due to
the stellar parameters uncertainities and the standard deviation of the Fe i,ii abundances
in quadrature.
The EW determination of the Fe lines was carried out with the ARES2 code (Sousa et
al. 2007). We followed the approach of Sousa et al. (2008) to adjust the rejt parameter of
ARES according to the S/N of each spectrum. The other ARES parameters we employed
were smoother = 4, space = 3, lineresol = 0.07, and miniline = 2.
In addition, we performed a 2-σ rejection of the Fe i and Fe ii lines after a first deter-
mination of the stellar parameters, therefore we re-run the StePar program again without
the rejected lines.
As a test, we performed the parameter determination in the case of the Sun. Employing
a HERMES spectrum of the asteroid Vesta with the same instrumental configuration as
the other stars. In this case, we obtained: Teff = 5775 ± 15 (K), log g =4.48 ± 0.04 (dex),
ξ =0.965 ± 0.020 (km s−1), and log ǫ(Fe i) =7.46 ± 0.01 (dex), which are very close to the
canonical solar values of the atmospheric parameters.
We ended up with 220 Fe i and 27 Fe ii spectral lines for this solar reference. To illus-
trate this iterative procedure we present in Fig. 2.3 a representation of both log ǫ(Fe i,ii) vs.
χ and log ǫ(Fe i) vs. log (EW/λ). In both panels of Fig. 2.3 the null slope is indistinguisable
from the mean. In the case of Fe ii, we are only interested in its mean abundance value,
which is the same as the mean abundance value obtained from the Fe i lines.
The derived stellar parameters for our solar reference are used as a zero-point. The
determined abundances are presented with respect to our solar values in a self-consistent
manner.
The obtained stellar parameters Teff , log g, ξ, log ǫ(Fe i), log ǫ(Fe ii), and [Fe/H] (using
our solar reference) are given in Table 2.5, together with the internal uncertainties in the
stellar parameters. In Fig. 2.4, we show the histrogram distribution of Teff and log g which
is also available in tabular form in the online version. The effective temperature ranges
approximately from 4500 K to 6300 K. The surface gravities of most stars in the sample
are those typical main sequence stars (52 out of 61), and the rest are low gravity stars.
As a complementary stellar parameter test, we compiled a log g − log Teff diagram by
employing the determined stellar parameters in Fig. 2.5. Most of the giants and the solar-
like stars tend to fit within the depicted isochrones, being consisent with the isochrone for
2The ARES code can be downloaded at http://www.astro.up.pt/
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Figure 2.3— log ǫ(Fe i,ii) versus the excitation potential, χ, and the reduced equivalent width,
log (EW/λ), for the Sun (spectrum of the asteroid Vesta).The dashed lines represent the least squares
fit to the data points, which are very close to a constant fit as expected from the iterative procedure of the
stellar parameter determination.
0.7 Gyr (the accepted Hyades age, see Perryman et al. 1998). In constrast, some cooler
stars tend to deviate 0.1 dex from the ischrones, particulary at the lowest temperatures.
However, the mean gravity error for these cooler stars is about 0.1 dex, being compatible
with the Hyades isochrone within their error bars. On the other hand, the error may be
systematic, the EW s of the Fe ii lines having larger systematic errors, since they get weaker
as Teff drops. This may in turn lead to an underestimation of the gravity derived assum-
ing excitation equilibrium. The effect on the Fe ii lines may propagate as an increasing
understimation of log g.
2.3.2 Chemical abundances
The selection of the chemical elements that we considered in this study includes those in
the line list of Neves et al. (2009), which also provides the atomic parameters for each
line. In addition, we considered some lines from Gonza´lez Herna´ndez et al. (2010) and
Pompe´ia et al. (2011) of some neutron-capture elements (their atomic parameters are given
in Table 3.7).
Chemical abundances were calculated using the equivalent width (EW ) method. The
EW s were determined with the ARES code (Sousa et al. 2007) following the approach
described in Sect. 4.1.
Once the EW s had been measured, the analysis was carried out with the LTE MOOG
code (Sneden 1973) using the ATLAS model corresponding to the derived atmospheric pa-
rameters. We determined the elemental abundances (see Tables 2.6 and 2.7) relative to solar
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Figure 2.4— Histograms for the determined Teff and log g of the candidate stars.
Table 2.1— Elemental abundances for our solar reference (spectrum of the asteroid Vesta). The uncer-
tainties are the line-to-line scatter divided by the square root of the number of spectral lines measured.
Element Fe Na Mg Al Si Ca Sc Ti V Cr Mn Co Ni Cu Zn Y Zr Ba Ce Nd
log ǫ(X) 7.46 6.37 7.64 6.44 7.55 6.34 3.19 4.99 4.00 5.66 5.41 4.91 6.26 4.33 4.54 2.17 2.61 2.35 1.61 1.47
σ log ǫ(X) 0.01 0.01 0.06 0.01 0.01 0.03 0.04 0.01 0.04 0.01 0.02 0.01 0.01 0.18 0.06 0.04 0.10 0.08 0.03 0.08
values using the spectrum of the asteroid Vesta (with the same instrumental configuration)
as the solar reference. These were determined by computing the mean of the line-by-line
differences of each chemical element and candidate star with respect to our solar reference
(see Table 2.1 for the solar reference elemental abundances).
A total of 20 elements were analyzed: Fe, the α-elements (Mg, Si, Ca, and Ti), the Fe-peak
elements (Cr, Mn, Co, and Ni), the odd-Z elements (Na, Al, Sc, and V) and the s-process
elements (Cu, Zn, Y, Zr, Ba, Ce and Nd), see Tables 2.6 and 2.7. The spectral lines used
and their atomic parameters were taken from Neves et al. (2009). However, to avoid in-
correct EW measurements (e.g. caused by an incorrect continuum placement), we rejected
lines that were separated by more than a factor two of the standard deviation (σ) from the
median differential abundance derived for each line.
The differential abundances (see Table 2.8 and 2.9) were also determined to establish
mermbership of each candidate using a Hyades cluster member. For this purpose, we have
obtained a HERMES spectrum of a well-known member of the Hyades cluster (vB 153),
which is the same reference star employed in Paulson et al. (2003) and De Silva et al. (2006)
in their differential analysis of the Hyades cluster. This differential treatment minimizes
errors due to the uncertainities in the oscillator strengths (log gf) of each line treated in the
analysis. We also computed the abundance sensitivities to changes in the stellar atmospheric
parameters (see Table 2.10 and 2.11). These sensitivities due to the internal uncertainties
in the stellar parameters are small for all the elements (about a few hundredths of a dex)
except for titanium, vanadium, barium, and zirconium, whose sensitivities to variations in
the parameters is quite high (tenths of a dex).
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Figure 2.5— Spectroscopic log Teff vs. log g for the candidate stars. We have employed the Yonsei-Yale
ischrones (Demarque et al. 2004) for Z=0.025 and 0.1, 0.7, 4, and 13 Gyr (from left to right). Mean error
bars are represented at the middle right. Blue squares represent stars selected as members by the chemical
tagging approach, red diamonds represent those stars that have similar Fe abundances, but different values
of other elements. Orange circles represent three Hyades cluster stars (BZ Cet, V683 Per and ǫ Tau). Green
triangles represent those stars that do not have similar Fe abundances (as well as dissimilar values of other
elements).
18 CHAPTER 2. Chemically tagging the Hyades Supercluster
2.4 Discussion
We compare our derived element abundances with those of thin disc stars (Gonza´lez
Herna´ndez et al. 2010) to determine whether our values follow Galactic trends. We also
verify the chemical homogeneity of the Hyades Supercluster and whether some of the stars
indeed have homogeneus values of all the considered elements.
The element abundances were determined in a fully differential way by comparing them
with those derived for a solar spectrum (as stated in Section 4.1). The choice of elements
is taken from Gonza´lez Herna´ndez et al. (2010), which we also compared (see Figs. 2.6, 2.7,
2.8, 2.9, and 2.10) with the data from Paulson et al. (2003) for the elements in common
(Na, Mg, Si, Ca, Ti, and Zn). Data for those elements in common with De Silva et al.
(2011) (Na, Mg, Al, Si, Ca, Sc, Ti, Cr, Mn, Co ,Ni, Zn, Ba, and Ce) and Pompe´ia et al.
(2011) (Na, Mg, Zr, Ba, Ce, and Nd) were also added to these figures.
2.4.1 Element abundances
The element abundances were determined in a fully differential way by comparing them
with those derived for a solar spectrum (as stated in Section 4.1). The choice of elements
is taken from Gonza´lez Herna´ndez et al. (2010), which we also compared (see Figs. 2.6, 2.7,
2.8, 2.9, and 2.10) with the data from Paulson et al. (2003) for the elements in common
(Na, Mg, Si, Ca, Ti, and Zn). Data for those elements in common with De Silva et al.
(2011) (Na, Mg, Al, Si, Ca, Sc, Ti, Cr, Mn, Co ,Ni, Zn, Ba, and Ce) and Pompe´ia et al.
(2011) (Na, Mg, Zr, Ba, Ce, and Nd) were also added to these figures.
The α-elements (Mg, Si, Ca, and Ti) seem to follow the Galactic trends (see Bensby et
al. 2005; Reddy et al. 2006; Gonza´lez Herna´ndez et al. 2010), although we note that giant
stars deviate in the case of Si. There is a noticable scatter in Ti and Mg, but the Ti scatter
tends to increase as the [Fe/H] decreases.
For the Iron-peak elements (Cr, Mn, Co, and Ni), we find a small scatter in Ni and
Cr, although the scatter in Cr increases at the lowest metallicities in this relatively narrow
metallicity range as observed for Ti. For Cr, we note that most of the stars lie above the
Galactic trend, and that Co has a larger scatter, and the giants tending to deviate more
than the main sequence stars. In the case of Mn, there is a smaller scatter for the main
sequence stars but the giants tend to deviate away from the Galactic trend. Ti may be
affected by NLTE effects but as reported in (Bensby et al. 2003, and references therein) the
deviations from LTE might be small if the atomic parameters are adecuate.
For the odd-Z elements (Na, Al, Sc, and V), the giant stars deviate from the Galactic
trend, except for Sc. A high dispersion towards low metallicity is observed for Sc, as well
as for Ti and Cr. We confirm a large dispersion for V, which some authors interpret as a
NLTE effect (e.g. Bodaghee et al. 2003; Gilli et al. 2006; Neves et al. 2009). Vanadium lines
are indeed difficult to measure and may require high signal-to-noise data.
The neutron capture elements (Cu, Zn, Ba, Ce, Y, Zr, and Nd) follow similar trends to
those seen in solar analogs (Gonza´lez Herna´ndez et al. 2010). We find some enhancement for
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Ba above the solar level as observed in the Hyades cluster (De Silva et al. 2006), although the
scatter in the data is relatively large. This enhancement is mostly observed around Hyades-
like metallicity ([Fe/H]) values. Stars of lower than solar metallicity are also enhanced in Ba,
although the Galactic abundance distribution has a larger scatter below solar metallicity.
Ce and Y match the Galactic pattern but at lower metallicities the stars of our sample
tend to have a larger dispersion. We note here that the dispersion seen in our data is
reasonable according to the quality of the data. The Zr abundance values are consistent
with the abundance Galactic pattern, but those of the giants are found to deviate from the
main Galactic trend. This slight deviation seen for the giants is also observed for Cu and
Zn, although the dwarf stars match the Galactic trend, with the exception of Nd, which is
enhanced for almost all the sample stars.
When we compare the element abundance data from Paulson et al. (2003) with our
derived [X/Fe] abundances, we find that for the case of Na, Mg, Ti, and Zn some of the
sample stars are consistent with the Hyades cluster abundances. However, there is an small
difference for Si and a larger scatter than for Ca. These differences might be caused by the
use of different line lists for these elements and the solar reference they used. Candidates
obtained by Pompe´ia et al. (2011) are displaced about 0.10 dex in metallicity from the
Hyades cluster mean value. This offset is probably caused by their different line lists and
their log gf choices.
Giant stars tend to deviate from the Galactic trend in certain elements. The method
presented in the present study does not seem to work for giants as well as for main sequence
stars. For consistency purposes, we verified our derived stellar parameters for the giant
stars. In the first place, we recomputed the stellar parameters described in Section 4 by
using instead the iron line list of Hekker & Mele´ndez (2007) to investigate the origin of any
possible differences. This comparison can be seen in Fig. 2.11, where we find an offset of
≈ 70 K compared with the results from the list of Sousa et al. (2008). The next step was
to check whether the effect on the parameter determination was sufficient to explain this
deviation. For this purpose, we rederived the [X/Fe] abundances making use of the set of
parameters derived with the Hekker & Mele´ndez (2007) line list and compared them with
the original [X/Fe] (see Fig. 2.12). As one would expect, we find systematic differences
but in most cases these differences are at the level of hundreths of dex. The worst case is
that of Si where the differences show an even higher [Si/Fe] abundance derived using the
new set of stellar parameters. In other cases such as Mg and Ni, we find no systematic
differences with a dispersion of 0.03 dex and 0.01 dex, respectively. Comparison stars
from De Silva et al. (2011) (all of them are giants) also deviate from the Galactic trends
in some cases and for some elements. In that article, the other metallicities of the stars
considered also deviate from the Galactic trends (when compared with Bensby et al. 2005).
De Silva et al. (2011) argue that Na is higher than the Galactic trend when comparing
with dwarfs from the Galactic disk, perhaps owing to the internal mixing in some of the
giant stars. Systematically higher Na abundances were also found for giants belonging to
the Hyades cluster by Smiljanic (2012) and attributed to the internal processes operating
in giant stars. This enhancement in [Na/Fe] ratio is similar to the one we found for some
supercluster candidates (of about 0.30 dex) as shown in Fig. 2.8. Since this effect has
been observed by other authors and given the consistency tests, we can assume that the
deviations from the Galactic trend for some elements may be real.
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Figure 2.6— [X/Fe] vs. [Fe/H] for the α-elements Mg, Si, Ca, and Ti: open diamonds represent the thin
disc data (Gonza´lez Herna´ndez et al. 2010), black upward-pointing filled triangles represent Hyades cluster
data (Paulson et al. 2003), red diamonds are our stars compatible to within 1-rms with the Fe abundance but
not for all elements, blue squares and blue starred symbols are the candidates selected to become members
of the Hyades Supercluster (see Figs. 2.13, 2.15, 2.16, and 2.17). Green downward-pointing triangles show
no compatible stars. BZ Cet, V683 Per, and ǫ Tau Hyades cluster members stars are marked with orange
circles. Starred points represent the giant stars. Black asterisks are the candidates selected by De Silva et
al. (2011) and black crosses represent the members selected by Pompe´ia et al. (2011).
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Figure 2.7— Same as Fig. 2.6 but for the Fe-peak elements Cr, Mn, Co, and Ni.
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Figure 2.8— Same as Fig. 2.6 but for the odd-Z elements Na, Al, Sc, and V.
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Figure 2.9— Same as Fig. 2.6 but for the s-process elements Ba, Ce, Y, and Zr.
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Figure 2.10— Same as Fig. 2.6 but for the s-process elements Cu, Nd, and Zn.
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Figure 2.11— Comparison of the stellar parameters determined with the Sousa et al. (2008) Fe i-Fe ii
line list versus the list from Hekker & Mele´ndez (2007).
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Figure 2.12— Comparison of [X/Fe] derived with the stellar paramaters determined with the Sousa et
al. (2008) Fe i-Fe ii line list versus the list from Hekker & Mele´ndez (2007). Dashed line represents the mean
value for the differences. Dashed-dotted lines represent one standard deviation over the mean value.
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2.4.2 Differential abundances
We determined differential abundances ∆[X/H] by comparing our measured abundances
with those of a reference star known to be a member of the Hyades cluster (vB 153) on a
line-by-line basis. There are additional dwarf Hyades cluster members in our sample, V683
Per, and BZ Cet. Although we chose an identical reference star to the one used in Paulson
et al. (2003) and De Silva et al. (2006), these studies showed that the Hyades cluster have a
high degree of homogeneity. We also expect to find certain degree of pollution due to field
stars that have to be identified and discarded as members. As stated in Section 5.1, giants
might have systematically higher abundances than dwarfs. For this purpose, we chose a
giant star as a reference for the giants instead of a dwarf star (vB 153). The chosen star
was ǫ Tau (also discussed in Smiljanic 2012) since it is known to belong to the original
cluster. We find no significant differences in membership numbers when analyzing differen-
tial abundances using this second reference star. We therefore prefer to be consistent and
only use as a reference the dwarf star vB 153.
The candidate selection within the sample was determined by applying a one root-
mean-squared (rms, thereafter) rejection over the median for almost every chemical element
treated in the analysis. The rejection process considers the rms in the abundances of the
sample for each element. At first, we rejected every star that deviated by more than 1-rms
from the median abundance denoted by the dashed-dotted lines in Figs. 2.13, 2.14, 2.15,
2.16, and 2.17. The initial rms values considered during the candidate selection are given
in Table 2.3. The initial 1-rms rejections led to the identification of 15 candidate members.
We subsequently applied a more flexible criteria allowing stars to become members when
their abundances were within the 1-rms interval for 90 % of the elements considered and the
remaining 10 % within the 1.5-rms interval (18 elements and 2 elements respectively). The
final rms is the one applied to the final selected candidates being members of the Hyades
Supercluster. The error analysis considers only the standard deviation in the line-by-line
differences. We also made a previous selection of candidates more likely to contain members
based on their differential Fe abundances (see Table 2.5), since these selected stars tend to
maintain their abundance coherence between elements, as shown in Figs. 2.13, 2.14, 2.15,
2.16, and 2.17.
This more flexible rms-based analysis was made in order to see to the degree which the
sample is homogeneous, and to take care of the more likely contamination of the sample by
field stars. Therefore, to assess this degree of homogeneity one must take into account the
number of stars that lie within 1-rms, 1.5-rms, 2-rms, and 3-rms intervals (see Table 2.2).
In a pure 1-rms rejection, we find that 15 stars (25 %) as possible members. Hence, allowing
two elements (maximum) to satisfy the 1.5-rms criteria results in 28 candidate members
(46 %). The last three columns of Table 2.5 give information about membership based
on the differential abundances of Fe and the other elements following these criteria. The
preliminary study of Tabernero et al. (2011) found that a 64 % of the candidates are
members, although the sample in this study is larger than that previous one, hence our
results here are more reliable. Adopting these criteria, we conclude that the membership
of the Hyades Supercluster ranges from 25 to 46 %.
28 CHAPTER 2. Chemically tagging the Hyades Supercluster
Table 2.2— Percentage analysis based on the rejection level of the differential abundances.






In this differential abundance discussion, we have only taken into account the neutral
elements when there are lines available to measure. We also determined the abundances of
Cr ii, Ti ii, Sc ii, and Zr ii, which are typically consistent with those abundances obtained
for the neutral species. However, we made this choice because the Galactic abundances
for the neutral elements have a smaller dispersion than for the ionized one. Vanadium is
considered as a reliable element in the differential analysis, despite the NLTE effects (e.g.
Bodaghee et al. 2003; Gilli et al. 2006; Neves et al. 2009): when vanadium is compared with
the neutron-capture elements, the differential treatment seems to work well given the large
dispersion and sensitivities intrinsic to these other elements.
As a first consistency test, we scrutinized at the differential abundances in Figs. 2.13,
2.14, 2.15, 2.16, and 2.17. The dwarf stars known to belong to the Hyades cluster within
our sample (V683 Per and BZ Cet) occupy the 1-rms interval for all the considered abun-
dances, which also agrees with the conclusions for them of Paulson et al. (2003) and De Silva
et al. (2006). These stars were also assumed to be cluster members by Pompe´ia et al. (2011).
The determined rms for the selected stars is shown on Table 2.3: we found that Na
and Mn have larger dispersions than the other elements used in the differential analysis.
In addition, Sc, Al, Mg, Y, and Ce show intermediate values of dispersion that are not as
large as those for Na, Mn, and Ba. Zn and Zr have an even larger values of rms (of about
0.20 dex). The rest of the elements have an rms equal to or larger than 0.06 dex. The
element abundances, relative to those also studied by De Silva et al. (2011) also have large
dispersion levels, such as those for Na and Sc, although our rms is smaller in the case of
Co.
From the chemical tagging analysis, we found that 15-28 of the 61 stars analyzed have
homogeneous abundances for all the elements we considered (25-46% of the studied stars).
This membership percentage implies that our selected sample contains a mixture of field
stars and stars that have been evaporated from the Hyades cluster. Our sample is not as
homogeneous as the moving group HR 1614 (De Silva et al. 2007b), but not similar to the
Arcturus moving group (Williams et al. 2009), which does not correspond to an evaporated
cluster. In contrast, Famaey et al. (2007) argued that only 15 % of the Hyades Superclus-
ter candidates originate from the cluster itself. However, Famaey et al. (2008) reported a
cluster membership percentage of 52 % (as an upper limit). Pompe´ia et al. (2011) and De
Silva et al. (2011) found 10 % and 15 % membership fractions, respectively, their samples
being composed of 21 and 26 stars. However, we analyzed a larger sample (61 stars) than
these two previous studies, and confirm that the Hyades Supercluster is not composed en-
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Table 2.3— Median abundance, and both initial and final rms values for all considered elements.
Element ∆ [X/H] rmso rmsf
Fe 0.03 0.15 0.06
Na 0.09 0.21 0.11
Mg 0.06 0.14 0.09
Al 0.06 0.15 0.08
Si −0.02 0.16 0.06
Ca −0.06 0.13 0.06
Ti 0.02 0.12 0.06
V −0.10 0.17 0.14
Sc −0.03 0.16 0.10
Cr 0.02 0.14 0.07
Mn −0.06 0.23 0.11
Co 0.00 0.17 0.07
Ni −0.01 0.16 0.07
Cu 0.03 0.21 0.09
Zn −0.20 0.24 0.20
Y 0.01 0.13 0.07
Zr −0.23 0.29 0.24
Ba 0.11 0.16 0.13
Ce 0.05 0.10 0.08
Nd 0.01 0.11 0.07
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tirely of Hyades cluster evaporated stars. In Pompe´ia et al. (2011), the sample selection
is based on the Geneva-Copenhagen survey (Nordstro¨m et al. 2004) and the mean velocity
of the Hyades overdensity studied by Holmberg et al. (2009). In contrast, De Silva et al.
(2011) considered some stars with velocities in the expected direction of dispersion from
the Hyades cluster.
Our analysis does not recover the same number of members as the two previous studies
of Pompe´ia et al. (2011) and De Silva et al. (2011). The abundance selection in the case
of (Pompe´ia et al. 2011) is based on a statistical constrast based on a χ2 test that employs
a few Hyades Cluster stars. This χ2 approach treats all the abundances as whole, thus
does not concentrate on the individual elements one by one. On the other hand, De Silva
et al. (2011) discard the stars for which the Fe abundances are lower than the solar value.
They identified a few stars that might have originated from the original cluster based on
this Fe preselection. Later on, they analyzed the trends of other elements to determine
whether these stars have the same abundance as the Hyades Cluster. All these samples are
incomplete but no robust assesment of the contamination levels of the Hyades Supercluster
can be made. The method used in the present study (as in Pompe´ia et al. 2011; De Silva et
al. 2011) can only ascertain the origin of the Hyades Supercluster but cannot measure the
contamination levels by field stars. The common conclusion of this work and Pompe´ia et
al. (2011), De Silva et al. (2011) is that the Hyades Supercluster cannot originate entirely
from the Hyades Cluster. However, we can still identify candidates that once belonged to
the Hyades cluster.
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Figure 2.13— ∆[X/H] differential abundances (for the α-elements Mg, Si, Ca, and Ti vs. Teff). Dashed-
dotted lines represent 1-rms over and below the median for our sample, whereas dotted lines represent the
1.5-rms level. Dashed lines represent the mean differential abundance. Red diamonds are stars compatible
within 1-rms with the Fe abundance but not for all elements, blue squares are the candidates selected to
become members of the Hyades Supercluster, while green triangles are rejected candidates and starred points
are the giants. Blue squares and starred points are the final selected candidates to become members of the
Hyades Supercluster. BZ Cet, V683 Per, and ǫ Tau are indicated by orange circles.
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2.5 Conclusions
We have computed the stellar parameters and their uncertainties for 61 Hyades Superclus-
ter candidate stars, after which we have obtained their chemical abundances for 20 elements
(Fe, Na, Mg, Al, Si, Ca, Ti, V, Cr, Mn, Co, Fe, Ni, Cu, Zn, Y, Zr, Ba, Ce, and Nd). All
the abundances are obtained in a fully differential way employing a solar reference and a
well-known member of the Hyades cluster.
We have derived the Galactic space-velocity components for each star and used them
to check the original selection based on Galactic velocities (Montes et al. 2001a; Lo´pez-
Santiago et al. 2010), which were then improved using the radial velocities derived from
our data. We have employed the new Hipparcos proper motions and parallaxes (Høg et
al. 2000; van Leeuwen 2007) employing the procedures described in Montes et al. (2001a).
To perform a preliminary consistency test, we have analyzed the U , V , and W Galactic
velocities of the final selected stars tend to diminish their dispersion in V to values closer
to those expected for a spread cluster (see Eggen 1994; Skuljan et al. 1997).
As a second test of the stellar parameters, we have compiled a log g vs. log Teff diagram
to verify the consistency of the method employed to determine the stellar parameters. This
diagram shows that most of the stars fall on the isochrone for the Hyades age (0.7 Gyr).
This is an important but insufficient condition to ascertain that they have a common origin.
Therefore, the abundance analysis must also be used to help stablish which stars share a
common origin with those in the Hyades cluster. The abundance analysis shows that the
final 28 selected stars are compatible with the Hyades isochrone, as expected if they have
evaporated from the Hyades cluster. The membership percentage that we find in this work
(46 %) compared with those of other authors demonstrates the importance of the sample
selection and a detailed chemical analysis.
A yet more detailed analysis of different age indicators and chemical homogeneity is in
progress and will be presented in future publications. This analysis will lead to a more
consistent means of confirming a list of candidate members from the abundance analysis.
Acknowledgements This work was supported by the Universidad Complutense de Madrid (UCM), the Spanish
Ministerio de Ciencia e Innovacio´n (MCINN) under grants BES-2009-012182, and AYA2011-30147-C03-02, and The
Comunidad de Madrid under PRICIT project S2009/ESP-1496 (AstroMadrid). We would like to thank the anonymous
referee for helpful comments and corrections.
2.6 Appendix
2.6. Appendix 33
Figure 2.14— Same as Fig. 2.13 but for the Fe-peak elements Cr, Mn, Co, and Ni.
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Figure 2.15— Same as Fig. 2.13 but for the odd-Z elements Na, Al, Sc, and V.
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Figure 2.16— Same as Fig. 2.13 but for the s-process elements Ba, Ce, Y, and Zr.
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Figure 2.17— Same as Fig. 2.13 but for the s-process elements Cu, Nd, and Zn.
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Table 2.4— Properties of the sample, including radial velocities and derived kinematics.
Name HIP mV SpT α δ Vr U V W
(mag) (J2000) (J2000) (km s−1) (km s−1) (km s−1) (km s−1)
BE Cet 1803 6.38 G3 V 00 22 51.55 -12 12 34.50 -2.40 ± 0.02 -35.79 ± 0.67 -14.60 ± 0.27 -0.40 ± 0.06
HD 5848 5372 4.24 K2 III 01 08 44.16 86 15 25.62 8.32 ± 0.02 -35.57 ± 1.52 -13.00 ± 0.94 1.02 ± 0.27
AZ Ari 10218 7.32 G5 V 02 11 22.98 21 22 38.56 20.04 ± 0.02 -42.59 ± 0.94 -19.72 ± 0.92 -0.78 ± 0.39
FT Cet 12158 8.10 K2.5 V 02 36 41.57 -03 09 22.60 21.91 ± 0.02 -39.79 ± 0.84 -18.27 ± 0.62 -0.57 ± 0.54
BZ Cet 13976 7.95 K2.5 V 03 00 02.62 07 44 58.93 28.86 ± 0.02 -42.74 ± 0.64 -18.85 ± 0.67 -1.18 ± 0.54
δ Ari 14838 4.35 K2 III 03 11 37.67 19 43 36.11 23.08 ± 0.11 -60.17 ± 5.44 -48.96 ± 7.19 24.71 ± 4.87
V683 Per 14976 8.15 G5 V 03 13 02.66 32 53 47.75 27.32 ± 0.02 -42.52 ± 0.98 -21.27 ± 1.62 -0.43 ± 0.51
V686 Per 15609 7.95 K0 V 03 20 59.33 33 13 06.96 34.84 ± 0.05 -45.63 ± 0.67 -20.81 ± 1.45 -11.22 ± 0.17
HD 21663 16329 8.30 G5 V 03 30 30.33 20 06 12.30 25.71 ± 0.02 -35.55 ± 0.97 -27.25 ± 2.26 -2.35 ± 0.77
HD 23356 17420 7.08 K2 V 03 43 55.15 -19 06 40.61 25.16 ± 0.02 -30.46 ± 0.22 -14.90 ± 0.10 -4.36 ± 0.19
39 Tau 19076 5.90 G5 V 04 05 20.15 22 00 33.20 23.97 ± 0.03 -25.48 ± 0.06 -13.31 ± 0.24 -6.53 ± 0.07
HD 25893 19255 7.08 G5 V 04 07 34.22 38 04 30.31 27.51 ± 0.09 -34.03 ± 0.23 -16.89 ± 0.64 -9.46 ± 0.14
HD 27282 20146 8.43 G8 V 04 19 07.94 17 31 29.36 38.15 ± 0.03 -41.84 ± 0.43 -19.60 ± 1.35 -1.07 ± 0.89
HD 27685 20441 7.82 G4 V 04 22 44.68 16 47 27.72 38.75 ± 0.03 -45.43 ± 0.90 -17.84 ± 2.13 7.30 ± 2.13
HD 27989 20686 7.54 G5 V 04 25 51.66 18 51 50.93 39.69 ± 0.05 -42.59 ± 0.32 -18.11 ± 1.10 -1.81 ± 0.72
ǫ Tau 20889 3.54 G9.5 III 04 28 36.93 19 10 49.88 38.50 ± 0.12 -41.61 ± 0.25 -20.13 ± 0.88 -0.62 ± 0.53
111 Tau B 25220 7.92 K4 V 05 23 38.23 17 19 26.87 38.31 ± 0.02 -38.76 ± 0.04 -14.56 ± 0.22 7.09 ± 0.31
HD 40979 28767 6.73 F8 V 06 04 29.87 44 15 38.93 32.63 ± 0.05 -36.63 ± 0.15 -21.39 ± 0.77 8.34 ± 0.14
HD 45609 30733 8.43 K0 V 06 27 24.11 -25 44 05.22 26.44 ± 0.06 -28.20 ± 1.45 -12.73 ± 0.87 -2.26 ± 0.67
HD 52265 33719 6.30 G0 V 07 00 18.10 -05 22 02.49 53.93 ± 0.03 -52.38 ± 0.25 -20.76 ± 0.31 -9.26 ± 0.23
HD 53532 34271 8.27 G0 V 07 06 16.86 22 41 01.24 42.95 ± 0.03 -44.08 ± 0.19 -18.38 ± 0.42 -13.15 ± 1.08
HD 65523 39068 8.35 G5 V 07 59 35.78 12 58 59.42 33.05 ± 0.02 -43.44 ± 0.85 -13.03 ± 0.18 -23.57 ± 1.84
HD 70088 40942 8.51 G5 V 08 21 20.82 34 18 36.85 33.23 ± 0.02 -40.53 ± 0.67 -22.50 ± 0.97 -5.93 ± 1.24
HD 72760 42074 7.33 G5 V 08 34 31.76 00 43 34.04 35.32 ± 0.02 -35.66 ± 0.30 -19.54 ± 0.11 -1.50 ± 0.34
V401 Hya 42333 6.72 G5 V 08 37 50.47 -06 48 25.16 35.47 ± 0.03 -43.17 ± 0.57 -19.77 ± 0.17 -12.07 ± 0.61
HD 73171 42452 5.92 K1 III 08 39 17.65 52 42 42.12 26.70 ± 0.02 -26.86 ± 0.68 24.53 ± 1.91 2.01 ± 1.44
CT Pyx 42281 8.74 K1 V 08 37 15.61 -17 29 41.25 28.14 ± 0.02 -31.60 ± 0.82 -16.78 ± 0.32 -3.60 ± 0.49
ρ Cnc A 43587 5.95 G8 V 08 52 36.13 28 19 53.00 27.53 ± 0.02 -37.27 ± 0.18 -18.20 ± 0.13 -7.95 ± 0.27
HD 75898 43674 8.04 G0 V 08 53 50.87 33 03 24.77 21.85 ± 0.03 -39.23 ± 1.98 -11.97 ± 0.84 -15.72 ± 2.59
HD 76151 43726 6.00 G3 V 08 54 18.19 -05 26 04.32 32.10 ± 0.02 -40.35 ± 0.35 -20.05 ± 0.06 -11.25 ± 0.37
IK Cnc 43751 8.32 G5 V 08 54 41.60 16 36 40.60 15.89 ± 0.05 -28.55 ± 2.67 -10.61 ± 0.94 -15.49 ± 3.76
HD 82106 46580 7.20 K3 V 09 29 55.12 05 39 17.52 29.98 ± 0.15 -40.89 ± 0.34 -13.79 ± 0.11 0.12 ± 0.26
GT Leo 47587 8.88 K0 V 09 42 10.04 07 35 24.49 30.96 ± 0.05 -44.84 ± 1.58 -19.70 ± 0.21 -4.23 ± 1.34
HD 85301 48423 7.73 G5 V 09 52 16.96 49 11 27.47 15.15 ± 0.07 -34.83 ± 0.80 -12.31 ± 0.46 -7.08 ± 0.59
HD 86322 49163 6.89 K1 III 10 01 59.43 74 45 33.05 1.25 ± 0.09 -33.23 ± 3.04 -24.67 ± 2.38 -6.58 ± 0.76
HD 89307 50473 7.03 G0 V 10 18 21.45 12 37 16.33 23.06 ± 0.03 -39.98 ± 0.93 -23.15 ± 0.40 -5.73 ± 0.73
HD 89376 50524 9.01 K5 V 10 19 10.74 20 33 48.25 19.94 ± 0.06 -44.89 ± 4.53 -18.38 ± 1.53 -9.03 ± 3.23
π1 Leo 53273 5.45 G8 III 10 53 43.76 -02 07 45.27 20.10 ± 0.08 -39.32 ± 2.81 -18.51 ± 0.53 1.94 ± 1.06
HD 98356 55235 8.73 K0 V 11 18 39.87 -10 07 35.00 7.41 ± 0.08 -55.59 ± 2.94 -15.14 ± 0.55 -5.38 ± 0.59
HD 101112 56756 6.19 K1 III 11 38 09.87 08 53 01.60 11.58 ± 0.12 -30.52 ± 2.80 -14.67 ± 0.99 2.64 ± 0.77
HD 106696 56583 5.19 K0 III 11 36 02.62 69 19 23.73 -3.53 ± 0.02 41.53 ± 1.52 -20.99 ± 0.74 36.59 ± 1.49
MY UMa 57859 9.57 K0 V 11 51 58.07 48 05 18.85 -0.65 ± 0.12 -45.62 ± 6.96 -13.06 ± 2.03 -14.80 ± 2.16
GR Leo 58314 8.07 G5 V 11 57 29.17 19 59 01.58 5.09 ± 0.02 -50.60 ± 1.70 -18.02 ± 0.59 -5.13 ± 0.34
HD 106023 59486 8.70 K0 V 12 11 59.57 23 05 35.70 6.33 ± 0.04 -43.06 ± 2.19 -30.76 ± 1.54 -2.18 ± 0.44
HD 117860 66115 7.21 G0 V 13 33 11.45 -8 26 36.47 -9.53 ± 0.03 -36.13 ± 0.93 -13.30 ± 0.50 2.59 ± 0.30
HD 117936 66147 7.96 K3 V 13 33 32.70 8 35 11.52 -6.21 ± 0.10 -41.05 ± 0.75 -19.35 ± 0.39 4.07 ± 0.21
HD 124642 69526 8.06 K5 V 14 13 57.35 30 13 00.34 -16.10 ± 0.10 -36.10 ± 0.60 -14.27 ± 0.21 -5.39 ± 0.21
HD 126535 70608 8.86 K1 V 14 26 34.82 -18 49 12.21 -19.50 ± 0.03 -40.34 ± 1.78 -18.86 ± 1.73 2.40 ± 0.98
HD 131023 72634 7.40 K0 V 14 51 02.44 09 43 24.72 -42.70 ± 0.04 -44.39 ± 0.74 -15.74 ± 0.47 -20.99 ± 0.51
HD 149026 80838 8.15 G0 IV 16 30 29.68 38 20 49.85 -17.90 ± 0.04 -32.36 ± 1.66 -20.62 ± 0.61 9.60 ± 1.38
HD 170657 90790 6.81 K2 V 18 31 19.05 -18 54 30.02 -43.00 ± 0.11 -37.93 ± 0.12 -24.64 ± 0.18 5.39 ± 0.06
MV Dra 94346 7.04 G8 V 19 12 11.12 57 40 15.56 -27.00 ± 0.08 -43.99 ± 0.47 -21.89 ± 0.09 -15.46 ± 0.09
HD 189087 98192 7.89 K1 V 19 57 13.35 29 49 24.39 -30.30 ± 0.05 -40.64 ± 0.71 -15.47 ± 0.31 3.52 ± 0.12
V2425 Cyg 101227 7.45 K0 V 20 31 06.89 40 51 28.52 -23.50 ± 0.04 -30.27 ± 1.26 -15.57 ± 0.37 1.67 ± 0.28
HD 196885 101966 6.39 F8 IV 20 39 51.85 11 14 58.01 -30.60 ± 0.04 -28.39 ± 0.34 -15.68 ± 0.24 10.41 ± 0.11
V2436 Cyg 103859 7.68 K3 V 21 02 40.42 45 53 03.94 -14.10 ± 0.16 -34.94 ± 0.48 -12.52 ± 0.16 -18.89 ± 0.27
HD 200968 104239 7.09 K1 IV 21 07 10.15 -13 55 22.14 -32.80 ± 0.02 -41.86 ± 0.43 -18.27 ± 0.08 -5.49 ± 0.53
NS Aqr 105066 8.08 K0 V 21 17 02.04 -01 04 38.53 -22.60 ± 0.02 -32.56 ± 1.18 -18.87 ± 0.30 -13.38 ± 1.47
V454 And 116613 6.59 G3/4 V 23 37 58.19 46 11 58.07 -0.40 ± 0.03 -33.73 ± 0.63 -16.02 ± 0.29 -12.02 ± 0.23
HD 222422 116819 8.03 G5 V 23 40 37.67 -18 59 19.65 10.20 ± 0.02 -28.82 ± 0.81 -17.15 ± 0.53 -20.72 ± 0.29
20 Psc 117375 5.51 G8 III 23 47 56.49 -02 45 41.80 -15.30 ± 0.02 -37.39 ± 2.88 -22.75 ± 1.22 4.37 ± 0.71
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Table 2.5— Stellar parameters for the whole sample, Fe differential abundance (∆[Fe/H]), and the resulting membership based
on the abundance homogeneity criterion (chemical tagging).
Name Teff log g ξ log ǫ(Fe i) log ǫ(Fe ii) [Fe/H] ∆[Fe/H] Member (Fe)
a Totalb Memberc
(K) (dex) (km s−1) (1-rms)
vB 153 5235 ± 36 4.45 ± 0.11 1.14 ± 0.06 7.53 ± 0.02 7.53 ± 0.06 0.073 ± 0.005 — Y 20 Y
BE Cet 5865 ± 20 4.58 ± 0.05 1.26 ± 0.03 7.67 ± 0.02 7.67 ± 0.02 0.211 ± 0.003 0.138 ± 0.005 N 14 N
HD 5848 4650 ± 44 2.48 ± 0.17 1.89 ± 0.05 7.53 ± 0.04 7.53 ± 0.12 0.068 ± 0.010 -0.006 ± 0.010 Y 14 N
AZ Ari 5821 ± 10 4.54 ± 0.03 1.10 ± 0.02 7.63 ± 0.01 7.63 ± 0.01 0.169 ± 0.002 0.097 ± 0.005 Y 19 Y*
FT Cet 5093 ± 45 4.49 ± 0.12 1.10 ± 0.10 7.52 ± 0.03 7.52 ± 0.07 0.058 ± 0.006 -0.015 ± 0.006 Y 18 Y*
BZ Cet 5035 ± 37 4.38 ± 0.11 0.98 ± 0.08 7.56 ± 0.02 7.56 ± 0.07 0.106 ± 0.005 0.034 ± 0.005 Y 19 Y*
δ Ari 4940 ± 37 3.05 ± 0.11 1.52 ± 0.04 7.62 ± 0.03 7.62 ± 0.07 0.163 ± 0.008 0.093 ± 0.008 Y 13 N
V683 Per 5586 ± 20 4.50 ± 0.06 1.04 ± 0.04 7.58 ± 0.02 7.58 ± 0.03 0.129 ± 0.004 0.053 ± 0.005 Y 20 Y
V686 Per 5705 ± 37 4.54 ± 0.10 1.28 ± 0.05 7.60 ± 0.03 7.61 ± 0.05 0.141 ± 0.005 0.073 ± 0.006 Y 20 Y
HD 21663 5457 ± 18 4.50 ± 0.05 0.84 ± 0.04 7.43 ± 0.01 7.43 ± 0.03 -0.031 ± 0.003 -0.104 ± 0.004 Y 18 Y*
HD 23356 4930 ± 36 4.41 ± 0.09 0.63 ± 0.12 7.29 ± 0.02 7.29 ± 0.06 -0.167 ± 0.005 -0.241 ± 0.005 N 6 N
39 Tau 5901 ± 13 4.55 ± 0.04 1.13 ± 0.02 7.52 ± 0.01 7.52 ± 0.02 0.061 ± 0.002 -0.012 ± 0.004 Y 20 Y
HD 25893 5355 ± 43 4.50 ± 0.11 1.18 ± 0.08 7.54 ± 0.03 7.54 ± 0.06 0.080 ± 0.006 0.010 ± 0.006 Y 20 Y
HD 27282 5642 ± 19 4.49 ± 0.06 1.09 ± 0.03 7.61 ± 0.01 7.61 ± 0.03 0.150 ± 0.003 0.076 ± 0.004 Y 20 Y
HD 27685 5753 ± 18 4.47 ± 0.05 0.99 ± 0.03 7.58 ± 0.01 7.57 ± 0.02 0.119 ± 0.005 0.050 ± 0.006 Y 19 Y*
HD 27989 5747 ± 50 4.57 ± 0.12 1.37 ± 0.07 7.64 ± 0.04 7.64 ± 0.05 0.179 ± 0.007 0.107 ± 0.007 Y 14 N
ǫ Tau 5006 ± 40 2.94 ± 0.13 1.64 ± 0.04 7.66 ± 0.03 7.67 ± 0.08 0.210 ± 0.009 0.142 ± 0.008 N 9 N
111 Tau B 4789 ± 64 4.53 ± 0.20 1.14 ± 0.18 7.27 ± 0.03 7.27 ± 0.14 -0.195 ± 0.009 -0.260 ± 0.008 N 6 N
HD 40979 6295 ± 43 4.61 ± 0.10 1.42 ± 0.05 7.73 ± 0.03 7.73 ± 0.05 0.267 ± 0.006 0.204 ± 0.007 N 7 N
HD 45609 5271 ± 39 4.49 ± 0.12 1.05 ± 0.08 7.36 ± 0.03 7.36 ± 0.06 -0.102 ± 0.007 -0.172 ± 0.007 N 10 N
HD 52265 6187 ± 16 4.42 ± 0.04 1.37 ± 0.02 7.69 ± 0.01 7.69 ± 0.02 0.231 ± 0.003 0.162 ± 0.005 N 14 N
HD 53532 5698 ± 17 4.56 ± 0.05 1.10 ± 0.03 7.58 ± 0.01 7.58 ± 0.02 0.119 ± 0.003 0.045 ± 0.004 Y 20 Y
HD 65523 5306 ± 20 4.46 ± 0.05 0.70 ± 0.04 7.41 ± 0.01 7.41 ± 0.03 -0.050 ± 0.003 -0.118 ± 0.005 Y 18 Y*
HD 70088 5655 ± 20 4.58 ± 0.06 1.06 ± 0.03 7.41 ± 0.02 7.41 ± 0.03 -0.052 ± 0.003 -0.120 ± 0.005 Y 13 N
HD 72760 5298 ± 21 4.45 ± 0.06 0.84 ± 0.04 7.48 ± 0.01 7.48 ± 0.03 0.018 ± 0.003 -0.054 ± 0.004 Y 20 Y
V401 Hya 5847 ± 13 4.52 ± 0.03 1.10 ± 0.02 7.57 ± 0.01 7.58 ± 0.02 0.115 ± 0.002 0.044 ± 0.005 Y 20 Y
HD 73171 4631 ± 35 2.50 ± 0.13 1.63 ± 0.04 7.42 ± 0.03 7.42 ± 0.09 -0.039 ± 0.008 -0.108 ± 0.008 Y 15 N
CT Pyx 5154 ± 27 4.41 ± 0.08 1.00 ± 0.06 7.51 ± 0.02 7.51 ± 0.05 0.049 ± 0.004 -0.025 ± 0.004 Y 20 Y
ρ Cnc A 5270 ± 39 4.31 ± 0.11 0.79 ± 0.08 7.77 ± 0.03 7.77 ± 0.06 0.314 ± 0.005 0.242 ± 0.004 N 2 N
HD 75898 6104 ± 14 4.36 ± 0.05 1.32 ± 0.02 7.75 ± 0.01 7.75 ± 0.02 0.291 ± 0.003 0.218 ± 0.005 N 5 N
HD 76151 5786 ± 12 4.51 ± 0.04 0.98 ± 0.01 7.56 ± 0.01 7.56 ± 0.02 0.101 ± 0.002 0.026 ± 0.005 Y 19 Y*
IK Cnc 5396 ± 23 4.63 ± 0.06 0.83 ± 0.06 7.20 ± 0.02 7.20 ± 0.03 -0.259 ± 0.004 -0.331 ± 0.005 N 2 N
HD 82106 4858 ± 45 4.50 ± 0.13 0.72 ± 0.14 7.38 ± 0.02 7.38 ± 0.09 -0.080 ± 0.005 -0.161 ± 0.005 N 13 N
GT Leo 5256 ± 36 4.46 ± 0.09 0.85 ± 0.08 7.49 ± 0.02 7.49 ± 0.05 0.034 ± 0.005 -0.040 ± 0.005 Y 18 N
HD 85301 5687 ± 20 4.56 ± 0.06 1.18 ± 0.03 7.57 ± 0.02 7.57 ± 0.03 0.112 ± 0.003 0.042 ± 0.004 Y 20 Y
HD 86322 4895 ± 28 2.86 ± 0.11 1.58 ± 0.03 7.42 ± 0.02 7.42 ± 0.06 -0.043 ± 0.006 -0.115 ± 0.007 Y 18 Y*
HD 89307 5961 ± 20 4.52 ± 0.05 1.12 ± 0.03 7.34 ± 0.02 7.34 ± 0.02 -0.117 ± 0.003 -0.189 ± 0.006 N 5 N
HD 89376 5032 ± 44 4.46 ± 0.12 1.01 ± 0.10 7.43 ± 0.02 7.43 ± 0.08 -0.029 ± 0.006 -0.099 ± 0.006 Y 19 N
π1 Leo 5082 ± 23 2.95 ± 0.08 1.58 ± 0.02 7.56 ± 0.02 7.56 ± 0.04 0.104 ± 0.005 0.032 ± 0.006 Y 16 N
HD 98356 5310 ± 32 4.41 ± 0.09 0.92 ± 0.07 7.54 ± 0.02 7.54 ± 0.05 0.081 ± 0.006 0.007 ± 0.006 Y 19 Y*
HD 101112 4809 ± 32 2.76 ± 0.11 1.53 ± 0.04 7.58 ± 0.03 7.58 ± 0.07 0.122 ± 0.007 0.051 ± 0.008 Y 12 N
HD 106696 4935 ± 17 2.74 ± 0.05 1.50 ± 0.02 7.20 ± 0.01 7.20 ± 0.03 -0.256 ± 0.004 -0.328 ± 0.005 N 3 N
MY UMa 5067 ± 57 4.52 ± 0.15 1.41 ± 0.11 7.34 ± 0.03 7.34 ± 0.10 -0.121 ± 0.009 -0.189 ± 0.008 N 14 N
GR Leo 5227 ± 29 4.46 ± 0.08 0.75 ± 0.07 7.46 ± 0.02 7.46 ± 0.04 0.003 ± 0.004 -0.065 ± 0.004 Y 20 Y
HD 106023 5405 ± 17 4.48 ± 0.05 0.93 ± 0.04 7.43 ± 0.01 7.43 ± 0.03 -0.028 ± 0.003 -0.099 ± 0.004 Y 17 N
HD 117860 5913 ± 12 4.54 ± 0.03 1.17 ± 0.02 7.53 ± 0.01 7.53 ± 0.01 0.068 ± 0.002 -0.002 ± 0.005 Y 19 Y*
HD 117936 4845 ± 49 4.42 ± 0.15 0.82 ± 0.17 7.43 ± 0.03 7.43 ± 0.10 -0.030 ± 0.006 -0.102 ± 0.006 Y 15 N
HD 124642 4825 ± 55 4.49 ± 0.16 1.00 ± 0.18 7.40 ± 0.03 7.40 ± 0.11 -0.060 ± 0.007 -0.130 ± 0.006 Y 15 N
HD 126535 5305 ± 29 4.46 ± 0.08 1.01 ± 0.06 7.60 ± 0.02 7.59 ± 0.04 0.141 ± 0.004 0.067 ± 0.004 Y 19 Y*
HD 131023 5619 ± 18 4.50 ± 0.05 1.06 ± 0.03 7.61 ± 0.01 7.61 ± 0.02 0.150 ± 0.003 0.076 ± 0.004 Y 20 Y
HD 149026 6213 ± 22 4.45 ± 0.05 1.44 ± 0.03 7.80 ± 0.02 7.80 ± 0.02 0.338 ± 0.003 0.270 ± 0.006 N 3 N
HD 170657 5030 ± 22 4.46 ± 0.07 0.63 ± 0.07 7.20 ± 0.01 7.20 ± 0.04 -0.259 ± 0.003 -0.332 ± 0.004 N 0 N
MV Dra 5394 ± 22 4.43 ± 0.05 1.01 ± 0.03 7.56 ± 0.01 7.56 ± 0.03 0.098 ± 0.003 0.025 ± 0.004 Y 20 Y
HD 189087 5296 ± 18 4.50 ± 0.05 0.80 ± 0.04 7.36 ± 0.01 7.36 ± 0.03 -0.096 ± 0.003 -0.166 ± 0.004 N 12 N
V2425 Cyg 5348 ± 43 4.69 ± 0.11 1.35 ± 0.09 7.50 ± 0.03 7.50 ± 0.06 0.044 ± 0.006 -0.027 ± 0.006 Y 20 Y
HD 196885 6326 ± 24 4.40 ± 0.06 1.50 ± 0.03 7.72 ± 0.02 7.72 ± 0.03 0.254 ± 0.007 0.197 ± 0.009 N 9 N
V2436 Cyg 4963 ± 40 4.43 ± 0.11 0.90 ± 0.11 7.54 ± 0.02 7.54 ± 0.07 0.080 ± 0.005 0.008 ± 0.005 Y 19 Y*
HD 200968 5114 ± 24 4.40 ± 0.07 0.90 ± 0.05 7.42 ± 0.01 7.42 ± 0.04 -0.044 ± 0.004 -0.116 ± 0.004 Y 13 N
NS Aqr 5635 ± 15 4.45 ± 0.04 1.04 ± 0.02 7.62 ± 0.01 7.62 ± 0.02 0.163 ± 0.003 0.091 ± 0.004 Y 20 Y
V454 And 5900 ± 20 4.57 ± 0.06 1.11 ± 0.02 7.61 ± 0.02 7.61 ± 0.03 0.151 ± 0.003 0.081 ± 0.005 Y 17 N
HD 222422 5445 ± 16 4.49 ± 0.05 0.76 ± 0.04 7.32 ± 0.01 7.32 ± 0.02 -0.137 ± 0.003 -0.209 ± 0.005 N 3 N
20 Psc 5125 ± 19 3.08 ± 0.06 1.49 ± 0.02 7.50 ± 0.02 7.50 ± 0.04 0.041 ± 0.004 -0.031 ± 0.006 Y 18 Y*
a If the star satisfies or not the Fe homogeneity criterium at 1-rms.
b The number of elements satisfying homogeneity at 1-rms.
c If the star satisfies or not the homogeneity criterium in all the analysed elements. Y* means that the remaing 1 o 2 elements satisfy


















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































40 CHAPTER 2. Chemically tagging the Hyades Supercluster
Table 2.7— [X/Fe] ratios for the s-process elements: Cu, Zn, Y, Zr, Ba, Ce, and Nd.
Name [Cu/Fe] [Zn/Fe] [Y/Fe] [Zr/Fe] [Ba/Fe] [Ce/Fe] [Nd/Fe]
vB 153 0.00 ± 0.04 0.21 ± 0.23 0.08 ± 0.04 0.25 ± 0.34 -0.01 ± 0.03 0.07 ± 0.03 0.12 ± 0.10
BE Cet -0.09 ± 0.02 0.06 ± 0.28 0.08 ± 0.14 0.16 ± 0.28 0.21 ± 0.22 0.03 ± 0.14 0.04 ± 0.17
HD 5848 0.23 ± 0.02 0.23 ± 0.64 0.03 ± 0.39 -0.30 ± 0.46 -0.09 ± 0.17 0.04 ± 0.10 0.17 ± 0.28
AZ Ari -0.03 ± 0.02 0.06 ± 0.28 0.07 ± 0.20 0.08 ± 0.49 0.12 ± 0.17 0.07 ± 0.00 -0.06 ± 0.32
FT Cet 0.00 ± 0.02 0.00 ± 0.36 -0.07 ± 0.28 0.05 ± 0.22 0.11 ± 0.17 0.19 ± 0.14 0.20 ± 0.37
BZ Cet -0.05 ± 0.04 -0.05 ± 0.26 0.03 ± 0.32 -0.03 ± 0.24 0.02 ± 0.17 0.11 ± 0.20 0.06 ± 0.14
δ Ari 0.20 ± 0.03 0.05 ± 0.48 0.13 ± 0.20 -0.10 ± 0.10 0.01 ± 0.22 0.14 ± 0.14 0.22 ± 0.35
V683 Per -0.10 ± 0.05 0.00 ± 0.20 0.07 ± 0.14 -0.04 ± 0.22 0.11 ± 0.10 0.04 ± 0.17 0.02 ± 0.26
V686 Per -0.07 ± 0.01 -0.02 ± 0.26 -0.02 ± 0.01 0.14 ± 0.10 0.07 ± 0.10 0.06 ± 0.14 0.04 ± 0.32
HD 21663 0.05 ± 0.02 -0.03 ± 0.17 0.10 ± 0.17 -0.06 ± 0.26 0.16 ± 0.20 0.19 ± 0.24 0.09 ± 0.10
HD 23356 0.02 ± 0.01 0.10 ± 0.37 0.21 ± 0.17 0.05 ± 0.30 0.06 ± 0.24 0.09 ± 0.14 0.21 ± 0.35
39 Tau -0.09 ± 0.03 -0.01 ± 0.28 0.07 ± 0.17 0.24 ± 0.30 0.18 ± 0.17 0.16 ± 0.10 0.14 ± —
HD 25893 0.02 ± 0.04 0.06 ± 0.32 0.14 ± 0.14 0.14 ± 0.32 0.13 ± 0.22 0.03 ± 0.10 0.03 ± 0.45
HD 27282 -0.04 ± 0.02 -0.09 ± 0.17 0.02 ± 0.00 0.17 ± 0.41 0.10 ± 0.10 -0.05 ± 0.14 -0.09 ± 0.24
HD 27685 -0.06 ± 0.05 0.11 ± 0.36 0.02 ± 0.17 -0.09 ± 0.24 0.06 ± 0.14 0.02 ± 0.17 0.00 ± 0.24
HD 27989 -0.15 ± 0.13 0.01 ± 0.28 0.11 ± 0.14 0.09 ± 0.01 0.19 ± 0.14 -0.12 ± 0.20 0.10 ± 0.22
ǫ Tau 0.28 ± 0.11 0.02 ± 0.50 -0.01 ± 0.17 -0.07 ± 0.20 -0.14 ± 0.20 0.03 ± 0.17 0.15 ± 0.20
111 Tau B 0.00 ± 0.03 -0.12 ± 0.20 0.57 ± 0.58 0.39 ± 0.35 0.13 ± 0.25 0.40 ± 0.20 0.49 ± 0.45
HD 40979 -0.12 ± 0.07 -0.08 ± 0.17 0.00 ± 0.14 -0.05 ± 0.01 0.12 ± 0.14 -0.10 ± 0.26 0.14 ± 0.01
HD 45609 -0.21 ± 0.06 -0.08 ± 0.14 0.08 ± 0.32 0.19 ± 0.30 0.07 ± 0.28 0.39 ± 0.30 0.19 ± 0.33
HD 52265 -0.02 ± 0.03 -0.09 ± 0.41 -0.04 ± 0.10 0.19 ± 0.26 0.05 ± 0.10 -0.03 ± 0.10 -0.10 ± 0.35
HD 53532 -0.13 ± 0.02 -0.09 ± 0.00 0.12 ± — 0.16 ± 0.45 0.16 ± 0.17 0.16 ± 0.14 0.14 ± 0.10
HD 65523 0.01 ± 0.01 0.06 ± 0.28 0.12 ± 0.26 0.03 ± 0.28 0.10 ± 0.17 0.24 ± 0.00 0.12 ± 0.10
HD 70088 -0.16 ± 0.02 -0.14 ± 0.00 0.16 ± 0.10 0.11 ± 0.14 0.20 ± 0.17 0.23 ± 0.14 0.23 ± —
HD 72760 -0.03 ± 0.03 0.00 ± 0.22 0.15 ± 0.10 0.02 ± 0.24 0.19 ± 0.30 0.24 ± 0.17 0.12 ± 0.24
V401 Hya -0.05 ± 0.01 -0.08 ± 0.00 0.09 ± 0.10 0.17 ± 0.37 0.14 ± 0.10 0.16 ± 0.20 0.05 ± 0.24
HD 73171 0.25 ± 0.04 0.19 ± 0.57 0.13 ± 0.39 -0.17 ± 0.40 0.22 ± 0.17 0.23 ± 0.25 0.33 ± 0.32
CT Pyx 0.02 ± 0.04 -0.05 ± 0.26 0.05 ± 0.00 0.12 ± 0.49 0.02 ± 0.20 0.12 ± 0.22 0.07 ± 0.24
ρ Cnc A 0.17 ± 0.04 0.16 ± 0.00 -0.02 ± 0.00 -0.16 ± 0.33 -0.08 ± 0.24 0.07 ± 0.14 0.01 ± 0.30
HD 75898 0.09 ± 0.02 0.05 ± 0.20 -0.02 ± 0.17 -0.23 ± 0.22 -0.02 ± 0.10 -0.14 ± 0.17 0.05 ± 0.26
IK Cnc -0.09 ± 0.04 0.02 ± 0.17 0.24 ± 0.10 0.21 ± 0.35 0.19 ± 0.17 0.23 ± 0.10 0.22 ± 0.22
HD 76151 -0.01 ± 0.05 -0.03 ± 0.00 -0.01 ± 0.10 -0.09 ± 0.17 -0.01 ± 0.10 -0.04 ± 0.10 -0.01 ± 0.14
HD 82106 0.00 ± 0.01 -0.07 ± 0.14 0.34 ± 0.36 0.20 ± 0.28 0.10 ± 0.20 0.29 ± 0.26 0.22 ± 0.44
HD 83983 0.02 ± 0.07 -0.06 ± 0.14 0.07 ± 0.10 -0.04 ± 0.01 -0.02 ± 0.22 0.03 ± 0.35 -0.08 ± 0.46
HD 85301 -0.08 ± 0.04 -0.05 ± 0.14 0.06 ± 0.00 0.09 ± 0.33 0.11 ± 0.14 0.09 ± 0.17 -0.01 ± 0.24
HD 86322 0.20 ± 0.02 0.20 ± 0.52 0.14 ± 0.22 -0.12 ± 0.32 0.05 ± 0.22 0.26 ± 0.22 0.30 ± 0.25
HD 89307 -0.06 ± 0.03 0.04 ± 0.32 0.03 ± 0.00 -0.04 ± 0.26 0.11 ± 0.20 0.05 ± 0.14 0.12 ± 0.00
HD 89376 0.02 ± 0.01 0.05 ± 0.25 0.22 ± 0.17 0.04 ± 0.22 -0.05 ± 0.10 0.06 ± 0.10 0.09 ± 0.37
π1 Leo 0.18 ± 0.02 0.12 ± 0.42 0.08 ± 0.25 0.07 ± 0.10 0.07 ± 0.10 0.15 ± 0.26 0.22 ± 0.26
HD 98356 -0.08 ± 0.05 0.00 ± 0.39 0.10 ± 0.14 -0.09 ± 0.36 -0.04 ± 0.17 0.03 ± 0.25 0.14 ± 0.17
HD 101112 0.36 ± 0.11 0.21 ± 0.56 0.13 ± 0.22 -0.19 ± 0.33 -0.09 ± 0.25 0.07 ± 0.17 0.11 ± 0.32
HD 106696 0.14 ± 0.07 0.18 ± 0.22 -0.03 ± 0.20 -0.12 ± 0.14 0.11 ± 0.26 0.12 ± 0.17 0.24 ± 0.17
MY UMa -0.01 ± 0.03 -0.01 ± 0.44 0.24 ± 0.52 0.43 ± 0.45 0.14 ± 0.22 0.31 ± 0.28 0.40 ± 0.39
GR Leo 0.03 ± 0.01 0.10 ± 0.42 0.16 ± 0.00 0.10 ± 0.22 0.19 ± 0.20 0.27 ± 0.00 0.25 ± 0.17
HD 106023 -0.12 ± 0.06 0.07 ± 0.33 0.10 ± 0.10 0.00 ± 0.28 0.10 ± 0.10 0.19 ± 0.14 0.04 ± 0.14
HD 117860 -0.15 ± 0.07 -0.03 ± 0.26 0.07 ± 0.14 -0.01 ± 0.17 0.19 ± 0.17 0.12 ± 0.10 0.05 ± 0.24
HD 117936 0.04 ± 0.02 0.00 ± 0.20 0.31 ± 0.60 0.14 ± 0.30 -0.03 ± 0.28 0.27 ± 0.33 0.06 ± 0.56
HD 124642 -0.03 ± 0.01 -0.13 ± 0.20 0.46 ± 0.59 0.16 ± 0.35 0.08 ± 0.28 0.29 ± 0.26 0.26 ± 0.49
HD 126535 0.01 ± 0.02 0.18 ± 0.44 0.04 ± 0.00 -0.02 ± 0.22 -0.01 ± 0.22 0.11 ± 0.17 0.10 ± 0.28
HD 131023 -0.03 ± 0.09 -0.07 ± 0.20 0.03 ± 0.14 -0.07 ± 0.26 0.07 ± 0.14 0.04 ± 0.17 0.05 ± 0.20
HD 149026 0.04 ± 0.01 0.04 ± 0.24 -0.03 ± 0.14 -0.17 ± 0.00 -0.04 ± 0.10 -0.12 ± 0.14 -0.15 ± 0.10
HD 170657 -0.02 ± 0.02 0.04 ± 0.22 0.07 ± 0.28 0.01 ± 0.24 0.12 ± 0.26 0.12 ± 0.24 0.21 ± 0.24
MV Dra -0.03 ± 0.01 -0.04 ± 0.00 0.07 ± 0.10 -0.04 ± 0.20 0.00 ± 0.17 0.11 ± 0.22 0.00 ± 0.14
HD 189087 -0.03 ± 0.03 -0.04 ± 0.10 0.16 ± 0.14 0.04 ± 0.26 0.19 ± 0.00 0.25 ± 0.17 0.15 ± 0.10
V2425 Cyg -0.11 ± 0.04 0.08 ± 0.26 -0.05 ± 0.39 0.11 ± 0.33 0.24 ± 0.20 0.05 ± 0.01 0.21 ± 0.30
HD 196885 -0.05 ± 0.06 0.01 ± 0.26 -0.11 ± 0.10 0.13 ± 0.30 0.03 ± 0.17 -0.06 ± 0.14 -0.06 ± 0.17
V2436 Cyg -0.01 ± 0.03 -0.06 ± 0.22 0.24 ± 0.25 0.00 ± 0.28 0.08 ± 0.26 0.13 ± 0.01 0.13 ± 0.17
HD 200968 -0.04 ± 0.01 0.18 ± 0.35 0.10 ± 0.00 -0.05 ± 0.26 0.07 ± 0.20 0.10 ± 0.30 0.07 ± 0.20
NS Aqr 0.04 ± 0.05 -0.03 ± 0.14 -0.04 ± 0.10 -0.09 ± 0.28 -0.03 ± 0.10 0.02 ± 0.17 -0.10 ± 0.26
V454 And -0.25 ± 0.00 -0.11 ± 0.24 0.12 ± 0.10 0.07 ± 0.20 0.16 ± 0.17 0.09 ± 0.14 0.16 ± 0.10
HD 222422 -0.04 ± 0.01 -0.06 ± 0.14 0.12 ± 0.14 0.24 ± 0.33 0.30 ± 0.10 0.17 ± 0.14 0.13 ± 0.28












































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































42 CHAPTER 2. Chemically tagging the Hyades Supercluster
Table 2.9— Differential abundances ∆[X/H] for the s-process elements: Cu, Zn, Y, Zr, Ba, Ce, and Nd.
Name ∆[Cu/H] ∆[Zn/H] ∆[Y/H] ∆[Zr/H] ∆[Ba/H] ∆[Ce/H] ∆[Nd/H]
BE Cet 0.00 ± 0.06 -0.01 ± 0.17 0.16 ± 0.06 0.04 ± 0.26 0.36 ± 0.05 0.08 ± 0.01 0.11 ± 0.08
HD 5848 0.32 ± 0.02 0.03 ± 0.20 -0.24 ± 0.04 -0.55 ± 0.13 -0.02 ± 0.05 -0.07 ± 0.03 0.10 ± 0.12
AZ Ari 0.10 ± 0.06 -0.05 ± 0.23 0.18 ± 0.05 -0.08 ± 0.11 0.22 ± 0.02 0.06 ± 0.04 -0.04 ± 0.15
FT Cet 0.07 ± 0.01 -0.21 ± 0.11 -0.08 ± 0.04 -0.21 ± 0.29 0.13 ± 0.07 0.15 ± 0.03 0.12 ± 0.10
BZ Cet 0.09 ± 0.02 0.02 ± — 0.07 ± 0.01 -0.25 ± 0.28 0.00 ± 0.02 0.11 ± 0.07 0.02 ± 0.03
δ Ari 0.42 ± 0.08 -0.07 ± 0.14 0.12 ± 0.02 -0.26 ± 0.33 0.15 ± 0.02 0.12 ± 0.03 0.23 ± 0.17
V683 Per 0.01 ± 0.07 -0.15 ± 0.20 0.04 ± 0.01 -0.24 ± 0.29 0.14 ± 0.02 0.01 ± 0.02 0.00 ± 0.12
V686 Per 0.03 ± 0.03 -0.15 ± 0.17 -0.04 ± 0.05 -0.04 ± 0.35 0.15 ± 0.02 0.07 ± — 0.03 ± 0.14
HD 21663 -0.03 ± 0.04 -0.34 ± 0.21 -0.12 ± 0.07 -0.41 ± 0.27 -0.04 ± 0.01 -0.10 ± 0.05 -0.09 ± 0.06
HD 23356 -0.16 ± 0.02 -0.12 ± 0.20 -0.17 ± 0.05 -0.44 ± 0.25 -0.22 ± 0.03 -0.23 ± 0.03 -0.11 ± 0.08
39 Tau -0.16 ± 0.09 -0.22 ± 0.17 0.02 ± 0.01 -0.02 ± 0.25 0.16 ± 0.05 0.00 ± 0.02 0.05 ± 0.05
HD 25893 -0.02 ± 0.01 -0.14 ± 0.13 0.06 ± 0.02 -0.10 ± 0.24 0.08 ± 0.03 -0.03 ± 0.01 -0.03 ± 0.25
HD 27282 0.07 ± 0.02 -0.22 ± 0.26 0.04 ± 0.01 0.00 ± 0.17 0.09 ± 0.04 -0.01 ± 0.03 -0.08 ± 0.10
HD 27685 -0.07 ± 0.03 -0.05 ± 0.11 -0.02 ± 0.05 -0.29 ± 0.28 0.11 ± 0.03 -0.09 ± 0.01 -0.03 ± 0.11
HD 27989 -0.11 ± 0.16 -0.09 ± 0.21 0.16 ± 0.01 -0.39 ± — 0.12 ± 0.02 -0.08 ± — 0.13 ± —
ǫ Tau 0.45 ± 0.07 -0.05 ± 0.14 0.08 ± 0.04 -0.18 ± 0.38 0.10 ± 0.06 0.06 ± 0.02 0.21 ± 0.09
111 Tau B -0.30 ± 0.11 -0.36 ± 0.03 0.24 ± 0.20 -0.12 ± 0.22 -0.14 ± 0.04 -0.08 ± 0.06 0.15 ± 0.16
HD 40979 0.04 ± 0.10 -0.09 ± 0.24 0.15 ± 0.04 0.24 ± — 0.40 ± 0.06 -0.01 ± 0.07 0.31 ± —
HD 45609 -0.41 ± 0.01 -0.46 ± 0.23 -0.18 ± 0.04 -0.23 ± 0.25 -0.16 ± 0.09 0.11 ± 0.07 -0.06 ± 0.15
HD 52265 0.06 ± 0.08 -0.14 ± 0.10 0.08 ± 0.02 0.10 ± 0.27 0.24 ± 0.02 0.06 ± 0.01 -0.01 ± 0.16
HD 53532 -0.05 ± 0.05 -0.25 ± 0.23 0.09 ± 0.03 -0.04 ± 0.14 0.23 ± 0.02 0.13 ± 0.01 0.12 ± 0.06
HD 65523 -0.04 ± 0.02 -0.27 ± 0.16 -0.12 ± 0.07 -0.34 ± 0.26 -0.01 ± 0.01 0.08 ± 0.01 -0.08 ± 0.06
HD 70088 -0.35 ± 0.07 -0.40 ± 0.17 -0.07 ± 0.04 -0.26 ± 0.32 0.10 ± 0.03 0.02 ± 0.05 0.03 ± 0.05
HD 72760 -0.05 ± 0.02 -0.25 ± 0.28 -0.01 ± 0.03 -0.28 ± 0.28 0.14 ± 0.07 0.01 ± 0.01 0.00 ± 0.11
V401 Hya -0.07 ± 0.04 -0.22 ± 0.21 0.04 ± 0.01 -0.04 ± 0.20 0.17 ± 0.01 0.07 ± 0.01 0.01 ± 0.11
HD 73171 0.24 ± 0.05 -0.12 ± 0.12 -0.16 ± 0.04 -0.53 ± 0.18 0.09 ± 0.03 0.08 ± 0.05 0.14 ± 0.14
CT Pyx 0.03 ± 0.02 -0.28 ± 0.22 0.01 ± 0.02 -0.15 ± 0.10 -0.04 ± 0.01 0.02 ± 0.06 -0.02 ± 0.01
ρ Cnc A 0.48 ± 0.01 0.13 ± 0.20 0.17 ± — -0.17 ± 0.24 0.07 ± 0.01 0.23 ± 0.04 0.17 ± 0.04
HD 75898 0.38 ± 0.03 0.06 ± 0.21 0.21 ± 0.05 -0.26 ± 0.39 0.22 ± 0.04 0.00 ± 0.01 0.19 ± 0.02
HD 76151 0.05 ± 0.04 -0.20 ± 0.24 -0.07 ± 0.02 -0.31 ± 0.31 0.00 ± 0.02 -0.10 ± 0.01 -0.06 ± 0.07
IK Cnc -0.45 ± 0.03 -0.52 ± 0.21 -0.18 ± 0.08 -0.37 ± 0.22 -0.06 ± 0.05 -0.20 ± — -0.18 ± —
HD 82106 -0.15 ± 0.05 -0.19 ± 0.05 0.03 ± 0.09 -0.20 ± 0.26 -0.03 ± 0.02 0.07 ± 0.07 0.00 ± 0.14
GT Leo 0.07 ± 0.04 -0.30 ± 0.24 -0.07 ± 0.03 -0.34 ± 0.34 0.01 ± 0.07 -0.17 ± 0.07 -0.20 ± 0.16
HD 85301 -0.08 ± 0.08 -0.21 ± 0.21 0.12 ± 0.05 -0.12 ± 0.24 0.15 ± 0.02 0.05 ± 0.05 -0.05 ± 0.10
HD 86322 0.15 ± 0.07 -0.12 ± 0.07 -0.11 ± 0.02 -0.49 ± 0.25 -0.04 ± 0.02 0.07 ± 0.07 0.11 ± 0.11
HD 89307 -0.24 ± 0.08 -0.36 ± 0.15 -0.20 ± 0.01 -0.49 ± 0.27 -0.08 ± 0.04 -0.19 ± 0.02 -0.15 ± 0.05
HD 89376 -0.09 ± 0.02 -0.02 ± 0.13 -0.02 ± 0.04 -0.31 ± 0.29 -0.16 ± — 0.03 ± 0.14 -0.09 ± 0.10
π1 Leo 0.32 ± 0.04 -0.06 ± 0.09 0.08 ± 0.01 -0.15 ± 0.35 0.13 ± 0.01 0.14 ± 0.06 0.18 ± 0.12
HD 98356 -0.06 ± 0.07 -0.19 ± 0.13 0.02 ± 0.04 -0.33 ± 0.21 -0.09 ± 0.04 0.03 ± 0.02 0.07 ± 0.02
HD 101112 0.44 ± 0.07 0.05 ± 0.13 -0.01 ± 0.03 -0.39 ± 0.24 0.01 ± 0.01 0.01 ± 0.02 0.08 ± 0.14
HD 106696 -0.04 ± 0.11 -0.36 ± 0.27 -0.37 ± 0.04 -0.70 ± 0.37 -0.24 ± 0.02 -0.29 ± 0.01 -0.17 ± 0.07
MY UMa -0.11 ± 0.02 -0.41 ± 0.05 -0.04 ± 0.13 -0.01 ± 0.14 -0.06 ± 0.04 0.01 ± 0.05 0.13 ± 0.10
GR Leo -0.11 ± 0.03 -0.18 ± 0.06 0.04 ± — -0.23 ± 0.29 0.14 ± 0.02 0.09 ± 0.01 0.10 ± 0.07
HD 106023 -0.16 ± 0.08 -0.24 ± 0.13 -0.10 ± 0.03 -0.35 ± 0.26 -0.04 ± 0.01 -0.06 ± 0.04 -0.14 ± 0.06
HD 117860 -0.11 ± 0.11 -0.23 ± 0.18 0.02 ± 0.06 -0.26 ± 0.37 0.22 ± 0.04 -0.01 ± 0.05 -0.03 ± 0.11
HD 117936 -0.03 ± 0.04 -0.07 ± 0.03 0.13 ± 0.28 -0.22 ± 0.25 -0.18 ± — 0.06 ± 0.08 -0.12 ± 0.27
HD 124642 -0.16 ± 0.06 -0.23 ± 0.03 0.24 ± 0.21 -0.23 ± 0.23 -0.11 ± 0.02 0.08 ± 0.08 0.06 ± 0.19
HD 126535 0.08 ± 0.08 0.04 ± 0.04 0.00 ± 0.02 -0.21 ± 0.29 -0.02 ± 0.04 0.11 ± 0.04 0.09 ± 0.04
HD 131023 0.09 ± 0.09 -0.20 ± 0.27 0.01 ± 0.01 -0.25 ± 0.27 0.14 ± 0.03 0.07 ± 0.02 0.06 ± 0.08
HD 149026 0.31 ± 0.05 0.10 ± 0.20 0.22 ± 0.03 0.19 ± — 0.23 ± — 0.06 ± — 0.04 ± 0.06
HD 170657 -0.34 ± 0.02 -0.50 ± 0.19 -0.27 ± 0.01 -0.58 ± 0.28 -0.27 ± 0.02 -0.24 ± 0.03 -0.19 ± 0.01
MV Dra 0.07 ± 0.02 -0.17 ± 0.26 0.00 ± 0.05 -0.26 ± 0.30 0.03 ± 0.02 0.03 ± 0.03 -0.05 ± 0.03
HD 189087 -0.19 ± — -0.42 ± 0.22 -0.11 ± 0.02 -0.38 ± 0.27 -0.01 ± — -0.05 ± 0.02 -0.09 ± 0.06
V2425 Cyg -0.18 ± 0.03 -0.16 ± 0.20 -0.05 ± 0.04 -0.17 ± 0.23 0.10 ± 0.07 -0.06 ± 0.02 0.10 ± 0.05
HD 196885 0.01 ± 0.11 -0.02 ± 0.20 0.14 ± 0.08 0.06 ± 0.25 0.30 ± 0.02 0.09 ± 0.04 0.05 ± 0.07
V2436 Cyg 0.03 ± 0.01 -0.26 ± 0.24 0.11 ± 0.04 -0.24 ± 0.26 0.09 ± 0.06 0.13 ± 0.06 0.06 ± 0.02
HD 200968 -0.10 ± 0.03 -0.13 ± 0.17 -0.03 ± 0.02 -0.41 ± 0.27 -0.08 ± 0.01 -0.08 ± 0.05 -0.12 ± 0.08
NS Aqr 0.17 ± 0.04 -0.14 ± 0.25 -0.02 ± — -0.25 ± 0.26 0.09 ± 0.02 0.02 ± 0.04 -0.09 ± 0.12
V454 And -0.21 ± 0.04 -0.24 ± 0.18 0.11 ± 0.03 -0.10 ± 0.38 0.26 ± 0.03 0.06 ± 0.04 0.17 ± 0.06
HD 222422 -0.29 ± 0.04 -0.48 ± 0.24 -0.19 ± 0.01 -0.23 ± 0.24 -0.01 ± 0.05 -0.12 ± 0.02 -0.16 ± 0.13

























































































































































































































































































































































































































































































































































































































































































































































































































































































































44 CHAPTER 2. Chemically tagging the Hyades Supercluster
Table 2.11— Differential abundance sensitivities for Cu, Zn, Y, Zr, Ba, and Ce. Differences are computed
as in Table 2.10
Name ∆[Cu/H] ∆[Zn/H] ∆[Y/H] ∆[Zr/H] ∆[Ba/H] ∆[Ce/H] ∆[Nd/H]
∆Teff = ± 100 K
HD 27685 0.07 0.00 0.01 0.11 0.02 0.02 0.02
HD 98356 0.05 0.02 0.01 0.13 0.02 0.01 0.02
BZ Cet 0.04 0.02 0.01 0.14 0.00 0.02 0.03
∆log g = ± 0.30 dex
HD 27685 0.02 0.02 0.11 0.01 0.04 0.13 0.13
HD 98356 0.02 0.03 0.11 0.01 0.04 0.12 0.13
BZ Cet 0.01 0.02 0.10 0.01 0.04 0.12 0.13
∆ ξ = ± 0.50 km s−1
HD 27685 0.14 0.13 0.17 0.02 0.18 0.05 0.03
HD 98356 0.12 0.10 0.15 0.06 0.17 0.10 0.04
BZ Cet 0.12 0.13 0.19 0.16 0.15 0.11 0.04
∆[Fe/H] = ± 0.30 dex
HD 27685 0.04 0.08 0.09 0.01 0.15 0.11 0.11
HD 98356 0.09 0.10 0.11 0.01 0.17 0.11 0.12
BZ Cet 0.12 0.12 0.12 0.01 0.18 0.12 0.11
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Abstract
Stellar kinematic groups are kinematical coherent groups of stars which might share a common origin. These groups
spread through the Galaxy over time due to tidal effects caused by Galactic rotation and disc heating. However,
the chemical information survives these processes. The information provided by the analysis of chemical elements
can reveal the origin of these kinematic groups. Here we investigate the origin of the stars that belong to the
Ursa Major (UMa) Moving Group (MG). We present high-resolution spectroscopic observations obtained from three
different spectrographs of kinematically selected FGK stars of the Ursa Major moving group.Stellar atmospheric
parameters (Teff , log g, ξ, and [Fe/H]) were determined using our own automatic code (StePar) which makes use of
the sensitivity of iron equivalent widths (EWs) measured in the spectra. We critically compare the StePar results
with other methods (Teff values derived using the infrared flux method (IRFM) and log g values based on Hipparcos
parallaxes). We derived the chemical abundances of 20 elements, and their [X/Fe] ratios of all stars in the sample.
We perform a differential abundance analysis with respect to a reference star of the UMa MG (HD 115043). We have
also carried out a systematic comparison of the abundance pattern of the Ursa Major MG and the Hyades SC with
the thin disc stellar abundances. Our chemical tagging analysis indicates that the Ursa Major MG is less affected by
field star contamination than other moving groups (such as the Hyades SC). We find a roughly solar iron composition
[Fe/H] = 0.03 ± 0.07 dex for the finally selected stars, whereas the [X/Fe] ratios are roughly sub-solar except for
super-solar Barium abundance.
We conclude that 29 out of 44 (i.e. 66%) candidate stars share a similar chemical composition. In addition, we
find that the abundance pattern of the Ursa Major MG is different from that of the Hyades SC.
3.1 Introduction
Stellar kinematic groups (SKGs) –superclusters (SCs) and moving groups (MGs)– are kine-
matic coherent groups of stars (Eggen 1994) that might share a common origin. Among
them, the youngest SKGs are (see Montes et al. 2001a): the Hyades SC (600 Myr), the
45
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Ursa Major MG (Sirius SC, 300 Myr), the Local Association or Pleiades MG (20 to 150
Myr), the IC 2391 SC (35-55 Myr), and the Castor MG (200 Myr).
Since Olin Eggen introduced the concept of MGs and the fact that stars can maintain
a kinematic signature over long periods of time, their existence (mainly in the case of the
old MGs) has been disputed. The disruption of MGs is caused by the Galactic differential
rotation. Furthermore, disc heating causes the velocity dispersion of disc stars to increase
gradually with age (Wielen 1971).
The over density of stars in some regions of the Galactic velocity UV-plane may be
the result of global dynamical mechanisms linked with the non-axisymmetry of the Galaxy
(Famaey et al. 2005), namely the presence of a rotating central bar (e.g. Dehnen 1998; Fux
2001; Minchev et al. 2010), and spiral arms (e.g. Quillen & Minchev 2005; Antoja et al.
2009, 2011), or both (see Quillen 2003; Minchev & Famaey 2010).
Previous works show that different age sub-groups are located in the same region of the
velocity plane as the classical MGs (Asiain et al. 1999) suggesting that both field stars and
young coeval sub-groups can coexist in MGs (Famaey et al. 2007, 2008; Antoja et al. 2008;
Klement et al. 2008; De Silva et al. 2008; Francis & Anderson 2009a,b; Zhao et al. 2009).
Using different age indicators (e.g. the lithium line Li i at 6707.8
◦
A, chromospheric
activity) it is possible to quantify the contamination by younger or older field stars among
late-type candidate members of a SKG (e.g. Montes et al. 2001b; Mart´ınez-Arna´iz et al.
2010; Lo´pez-Santiago et al. 2006, 2009; Lo´pez-Santiago et al. 2010; Maldonado et al. 2010).
However, the detailed analysis of the chemical content (chemical tagging) is another
powerful and complementary approach that provides clear constraints on the membership
(Freeman & Bland-Hawthorn 2002; Mitschang et al. 2013). Unfortunately, chemical compo-
sition alone cannot provide the answers to the common origin unless previous information
is available beforehand (i.e. information on kinematics). Regarding this approach, studies
usually start from already known information (see Mitschang et al. 2013, and references
therein), in order to fully exploit the chemical tagging approach.
Studies of open clusters such as the Hyades and Collinder 261 (Paulson et al. 2003;
De Silva et al. 2006, 2007a, 2009) found high levels of chemical homogeneity, showing that
chemical information is preserved within the stars, and that the possible effects of any ex-
ternal sources of pollution are negligible. Since chemical homogeneity is found among open
clusters, it is possible to trace back dispersed clusters based on their chemical composition.
In this sense chemical tagging was applied to the HR 1614 (De Silva et al. 2007b), to the
Hercules stream (Bensby et al. 2007), Wolf 360 MG (Bubar & King 2010), and the Hyades
SC (Pompe´ia et al. 2011; De Silva et al. 2011; Tabernero et al. 2012). These studies proved
or disproved the common origin of these structures by using chemical abundance informa-
tion. In particular, the Hyades SC is an interesting case. This MG is supposed to originate
from the Hyades cluster and was an excellent test since there is a whole cluster to choose a
reference star for the differential analysis. Tabernero et al. (2012) found that 46 % percent
of Hyades SC members sharing similar abundances to the original Hyades cluster. On the
contrary Pompe´ia et al. (2011) and De Silva et al. (2011) found that 10-15 % of the stars
seem to originate from the Hyades cluster. These differences arise from the different sizes
of the samples employed, ≈ 60 stars where analysed in Tabernero et al. (2012), whereas in
Pompe´ia et al. (2011) and De Silva et al. (2011) analyse ≈ 20 stars. The comparison of these
three studies shows that it is not possible to constrain the contamination level in moving
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groups until more complete samples are analysed. However, it would be still possible to
find stars that may originate from a single cluster using the chemical tagging approach.
The Hyades SC is not a unique case, De Silva et al. (2013) linked the open cluster IC2391
and the Argus association using chemical analysis.
In this paper, we apply the chemical tagging technique to a homogeneous sample
of kinematically selected northern FGK Ursa Major MG candidates. This group has
been previously investigated by Soderblom & Mayor (1993), King et al. (2003), King &
Schuler (2005), Monier (2005), Ammler-von Eiff & Guenther (2009), Biazzo et al. (2012),
D’Orazi et al. (2012). These studies demonstrate that their candidate members are consis-
tent with a true MG of marginally sub-solar composition. Soderblom & Mayor (1993)
find [Fe/H] = −0.08 ± 0.09 dex, whereas Ammler-von Eiff & Guenther (2009) get a
slightly higher value [Fe/H] = −0.03 ± 0.05 dex. Finally, Biazzo et al. (2012) obtain
[Fe/H] = 0.01 ± 0.03, higher but consistent with previous measurements within the uncer-
tainties. The study of individual abundances in Ammler-von Eiff & Guenther (2009) covers
Fe and Mg. Biazzo et al. (2012) analyse 11 different chemical elements, whereas D’Orazi
et al. (2012) also treat some s-process elements.
More importantly, the age of the Ursa Major MG is close to the time scale of the
dissolution of open clusters (Wielen 1971). Therefore, this is an important case to study
some aspects of the open cluster evolution and to apply the chemical tagging approach.
In Sect. 2, we give details on the sample selection. Observations and data reduction are
described in Sect. 3. Descriptions for the derivation of the stellar parameters and chemical
abundances are provided in Sect. 4. Chemical abundances are given in Sect. 5 together
with the discussion of the results. Finally in Sect. 6, we summarize our conclusions about
UMa MG membership extracted from the chemical tagging approach.
3.2 Sample Selection
The sample analyzed in this paper (see Table 3.4) was selected using kinematical criteria
based on U , V , and W Galactic velocities of a given target being approximately within 10
km s−1 of the mean velocity of the Ursa Major nucleus (King et al. 2003). We selected our
kinematic candidates from Ammler-von Eiff & Guenther (2009), Holmberg et al. (2009),
Lo´pez-Santiago et al. (2010), Mart´ınez-Arna´iz et al. (2010), and Maldonado et al. (2010).
This candidate selection was later verified once more with the radial velocities coming from
the spectroscopic data presented here (see Section 3.3).
After the first stage of selection based on kinematical criteria, we then discarded those
stars that were unsuitable for our standard abundance analysis, namely stars cooler than
K4 and hotter than F6, because for these stars we would have been unable to measure the
spectral lines required for our particular abundance analysis. Stars with high rotational
velocities (namely those greater than 15 km s−1) were also discarded. In addition, we also
removed spectroscopic binaries (SB2) to avoid confusion between the spectral lines of the
two components during the analysis. After these considerations, we were left with 45 stars
suitable for the present analysis.
We recalculated the Galactic velocities of our selected targets by employing the ra-
dial velocities and uncertainties derived by the HERMES spectrograph automated pipeline
(Raskin et al. 2011). However, for stars observed with the FOCES and TLS spectrographs,
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Figure 3.1— High-resolution spectra for some representative stars from our sample (from top to bottom):
HD 4048 (F8 V), HD 13829 (F8 V), HD 115043 (a G2 V reference star known to be a member of the Ursa
Major nucleus), HD 76218 (G5 V), and HD 56168 (K0 V). Some lines used in the abundance analysis are
highlighted in the bottom part of the diagram.
we applied the cross-correlation technique using the routine fxcor in IRAF 1, by adopt-
ing a solar spectrum as radial velocity template (the Kurucz solar ATLAS Kurucz et al.
1984). Those radial velocities were derived after applying the heliocentric correction to the
observed velocity. Uncertainties were computed by fxcor based on the fitted peak height
and the antisymmetric noise, as described in Tonry & Davis (1979). The obtained radial
velocities and their associated errors are given in Table 3.4. Proper motions and parallaxes
were taken from the Hipparcos and Tycho catalogues (ESA 1997), the Tycho-2 catalogue
(Høg et al. 2000), and the new reduction of the Hipparcos catalogue (van Leeuwen 2007).
Following the method described in Montes et al. (2001a) we determine the U , V , and
W velocities. The Galactic velocities are in a right-handed coordinate system (positive
in the directions of the Galactic centre, Galactic rotation, and the North Galactic Pole,
respectively). Montes et al. (2001a) modified the procedures in Johnson & Soderblom
(1987) to perform the velocity calculation and associated errors.
This modified program uses coordinates adapted to the epoch J2000 in the International
Celestial Reference System (ICRS). The calculated velocities are given in Table 3.4. As
some stars are observed with two or more spectrographs, we decided to run an internal
consistency check to verify whether significant differences exist for different spectrographs.
We find there is a small scatter of about 0.14 km s−1. For these stars, final values of U ,
V , and W velocities were derived from the weighted average of their radial velocities, since
the parallaxes and proper motion data are the same (see Table 3.4).
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3.3 Observations
Spectroscopic observations (see Fig. 3.1) were obtained at the 1.2-m Mercator Telescope2
at the Observatorio del Roque de los Muchachos (La Palma, Spain) in 2011-2012 with
HERMES (High Efficiency and Resolution Mercator Echelle Spectrograph, Raskin et al.
2011) with the high-resolution mode. Additional spectra were taken in 20022004 with
the 2.2-m telescope of the Centro Astrono´mico Hispano Alema´n (CAHA) at Calar Alto
with FOCES (operated by the Max-Planck-Institut fr Astronomie Heidelberg and the In-
stituto de Astrofsica de Andaluca, CSIC), and the Coude´-Echelle spectrograph at 2 m-the
Alfred-Jensch-Teleskop at the Thu¨ringer Landessternwarte in Tautenburg (TLS thereafter).
Resolutions are 86,000 for HERMES, 40,000 for FOCES, and 67,000 for TLS. The wave-










The typical signal-to-noise ratio (S/N) of the analyzed spectra is approximately 150
in the V band (at λ6070
◦
A). We analysed single main-sequence stars (from F6 to K4),
being 45 candidates in total. Among them, there are 27 HERMES, 13 FOCES, and 17 TLS
spectra (10 out of them are observed with more than one spectrograph). Our observations
also include the reference star used in the differential abundance analysis (with respect
to HD 115043). Additionally we took three solar spectra, one of the asteroid Vesta with
HERMES, and two Moon spectra with FOCES and TLS.
The HERMES echelle spectra were reduced with the automatic pipeline (Raskin et
al. 2011) at the Mercator Telescope. Additionally, the FOCES and TLS data comprise
spectroscopic observations presented in Ammler-von Eiff & Guenther (2009). The IDL -
based FOCES EDRS data reduction suite was adapted by Klaus Fuhrmann for use with
the Tautenburg Coud-Echelle spectrograph. The common steps of data reduction were
followed (Horne 1986; McLean 1997) including bias subtraction, scattered light removal,
order extraction, wavelength calibration using ThAr exposures, and division by flat-field
exposures.
We later used several IRAF tasks to transform the observed spectra into a unique
one-dimensional spectrum and applying the Doppler correction required to account for the
radial velocity. In case several exposures were taken for the same star, we combined all of
the individual spectra to obtain a unique spectrum at higher S/N .
3.4 Spectroscopic analysis
3.4.1 Stellar parameters
Stellar atmospheric parameters (Teff , log g, ξ, and [Fe/H]) were computed using the auto-
matic code StePar (Tabernero et al. 2012). This automatic code employs a 2002 version
of the MOOG code (Sneden 1973) and a grid of Kurucz ATLAS9 plane-parallel model at-
mospheres (Kurucz 1993). As damping prescription, we used the Unso¨ld approximation
1IRAF is distributed by the National Optical Observatory, which is operated by the Association of
Universities for Research in Astronomy, Inc., under contract with the National Science Foundation.
2Supported by the Fund for Scientific Research of Flanders (FWO), Belgium, the Research Council of
K.U. Leuven, Belgium, the Fonds National Recherches Scientific (FNRS), Belgium, the Royal Observa-
tory of Belgium, the Observatoire de Genve, Switzerland, and the Thringer Landessternwarte Tautenburg,
Germany.
50 CHAPTER 3. Chemical tagging of the Ursa Major moving group
multiplied by a factor recommended by the Blackwell group (option 2 within MOOG). As
line list we employed 300 Fe i-Fe ii lines from Sousa et al. (2008). A typical star of our sam-
ple has 230-250 measurable Fe i and 20-25 Fe ii lines. The StePar code iterates within the
parameter space until the slopes of χ versus (vs.) log ǫ(Fe i) and log (EW/λ) vs. log ǫ(Fe i)
are zero (excitation equilibrium). In addition, it imposes the ionization equilibrium, such
that log ǫ(Fe i) = log ǫ(Fe ii). We also imposed that the [Fe/H] average of the MOOG
output is equal to the metallicity of the atmospheric model. Tolerance values for these
conditions are needed, thus reasonable limits must be defined. In StePar, we have chosen
to iterate until the absolute value of the slope χ vs. log ǫ(Fe i) was ≤ 0.001 dex eV−1,
whereas the absolute value of the slope of log (EW/λ) vs. log ǫ(Fe i) was ≤ 0.002. For the
ionization balance we chose | log ǫ(Fe i)–log ǫ(Fe ii)| ≤ 0.005.
StePar employs a Downhill Simplex Method (Press et al. 1992), and the problem func-
tion to minimize is a quadratic form composed of the excitation and ionization equilibrium
conditions. Thus, StePar convergence towards the best solution in the stellar parameter
space takes only a few minutes. We have tested that the obtained solution for a given star
is independent of the initial set of parameters employed. Hence, we used the canonical solar
values as initial input values (Teff = 5777 K, log g = 4.44 dex, ξ = 1 km s
−1). In addition,
we performed a 3-σ rejection of the deviant Fe i and Fe ii lines after a first determination
of the stellar parameters. Therefore, we re-run the StePar program again without the
rejected lines.
The EW determination of Fe lines was carried out with the ARES3 code (Sousa et al.
2007). We followed the approach of Sousa et al. (2008) to adjust the rejt parameter of
ARES according to the S/N of each spectrum – the rejt parameter allows ARES to deter-
mine the stellar pseudocontinuum to fit the aimed EW s. The other ARES parameters we
employed are smoother = 4 – the recommended parameter for smoothing the derivatives
used for line identification, space = 3 – the wavelength interval (in
◦
A) from each side of
the central line to perform the EW computation, lineresol = 0.07 – the minimum distance
for ARES to resolve lines, and miniline = 2 - minimum EW that will be printed in the
ARES output. Details regarding the ARES parameters can be found in Sousa et al. (2007).
In addition, ARES is able to measure automatically weak gaussian lines giving negligible
systematic differences about 1-2 m
◦
Awhen compared against “manual” EW measurements
(i.e. estimated with the IRAF splot task, see Sousa et al. 2007; Ghezzi et al. 2010).
The uncertainties on the stellar parameters were computed taking into account one or
more error sources for uncertainty for each parameter that will be added quadratically. The
uncertainty on ξ is obtained using the slope of log ǫ(Fe i) vs. log (EW/λ). The uncertainty
on Teff is inferred by propagating two error sources added in quadrature: the slope log ǫ(Fe i)
vs. χ and the variation introduced by the uncertainty of ξ.
We considered three error sources for log g: the standard deviation of Fe ii and the
previous uncertainty on ξ and Teff .
Finally, to determine the error in the Fe i, ii abundance, we propagate the previously
derived uncertainty on each stellar parameter plus the standard deviation of the Fe i, ii
abundances.
3The ARES code can be downloaded at http://www.astro.up.pt/
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Figure 3.2— Histograms for the determined values of Teff , log g, and [Fe/H] of the candidate stars.
We have also performed the parameter determination of the solar spectra taken with
the three different instruments. We are able to reproduce the solar parameters (see Ta-
ble 3.1). Solar values for each chemical abundance, also given in Table 3.1, represent the
zero-point for the solar abundance values. Ideally, abundance measurements in each solar
reference spectrum should provide the same solar photospheric abundances for each spec-
trograph. However, small differences are noticed probably due to systematic effects, due
to the different instrumental configurations, in the data taken with a specific instrument.
These effects will likely apply to all candidate spectra of the UMa MG. Since our analysis
is fully differential, the solar references are only used to convert the individual abundances
(in a line-by-line basis) from log ǫ(X) to [X/H]. Thus, the obtained chemical abundances
will be referred to a solar spectrum corresponding to the instrument in which they were
taken.
The obtained stellar parameters Teff , log g, ξ, log ǫ(Fe i), log ǫ(Fe ii), and [Fe/H] (using
our solar references) are given in Table 3.5 (available online), together with the internal
uncertainties in the stellar parameters. In Fig. 3.2, we show the histogram distributions of
Teff , log g, and [Fe/H] values. The effective temperature ranges approximately from 4800 K
to 6500 K. The surface gravities of all stars in the sample are those typical of main sequence
stars.
We also verify that systematic errors of the stellar parameters are small when we use
different spectrographs for the same object. We find that differences between Teff are less
than 100 K, with a dispersion of 30 K. log g and [Fe/H] show differences of less than 0.15
and 0.05 dex respectively. The dispersion is approximately 0.05 dex for surface gravity and
0.02 for [Fe/H]. These differences are quite small and they do not represent any significant
difference when we derive stellar parameters from spectra taken with different echelle spec-
trographs. For these repeated spectra we employed an error-weighted average for their final
stellar parameters. Then, the uncertainties are given as the mean value of the individual
ones.
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Table 3.1— Stellar Parameters for our solar spectra (Moon and Vesta).
Spectrograph HERMES FOCES TLS averagea σb
Teff (K) 5776 5778 5789 5781 ± 7 15
log g 4.48 4.43 4.45 4.45 ± 0.03 0.05
ξ (km s−1) 0.97 1.08 1.05 1.03 ± 0.06 0.03
Element log ǫ(X)
Fe 7.46 7.47 7.48 7.47 ± 0.01 0.01
Na 6.37 6.36 6.34 6.36 ± 0.02 0.02
Mg 7.64 7.61 7.62 7.62 ± 0.02 0.06
Al 6.44 6.47 6.48 6.47 ± 0.02 0.02
Si 7.55 7.58 7.59 7.57 ± 0.02 0.06
Ca 6.34 6.35 6.33 6.34 ± 0.02 0.08
Sc 3.19 3.14 3.15 3.16 ± 0.03 0.06
Ti 4.99 5.01 5.02 5.01 ± 0.02 0.05
V 4.00 4.03 4.07 4.03 ± 0.04 0.07
Cr 5.66 5.66 5.68 5.67 ± 0.01 0.07
Mn 5.41 5.41 5.51 5.44 ± 0.06 0.05
Co 4.91 4.92 4.91 4.91 ± 0.01 0.03
Ni 6.26 6.26 6.26 6.26 ± 0.00 0.05
Cu 4.03 4.02 4.12 4.06 ± 0.06 0.08
Zn 4.54 4.57 4.57 4.56 ± 0.02 0.10
Y 2.17 2.15 2.16 2.15 ± 0.01 0.07
Zr 2.61 2.78 2.81 2.73 ± 0.10 0.14
Ba 2.35 2.44 2.47 2.42 ± 0.06 0.25
Ce 1.61 1.60 1.61 1.61 ± 0.01 0.08
Nd 1.47 1.53 1.51 1.50 ± 0.03 0.06
aAverage value and standard deviation of the stellar parameters and log ǫ(X).
bAverage internal uncertainties.
Figure 3.3— Left panel: Comparison plot of TIRFM–Teff vs Teff . Right panel: Comparison plots of
log gHip–log gspec vs log gspec (top right), and log gHip–log gspec vs Teff (bottom right). In all panels, dashed-
dotted lines represent the mean difference value and the standard deviation. Dashed-lines represent the
ordinary least squares fit through the points.
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3.4.2 IRFM based effective temperatures
We have applied the infrared flux method (hereafter IRFM; Blackwell et al. 1990, and ref-
erences therein) to the stellar sample presented in this work to also determine IRFM based
effective temperatures, TIRFM, as in Gonza´lez Herna´ndez & Bonifacio (2009). We collected
Johnson V photometric data from the General Catalogue of Photometric Data (GCPDMer-
milliod et al. 1997). We also use the Johnson V photometric data of Hipparcos-selected
nearby stars from Koen et al. (2010). The TIRFM and its uncertainty (∆ TIRFM) were
derived as the weighted average of the three individual temperatures and uncertainties de-
rived from J, H, and K. For some stars of the sample we use the Tycho V magnitudes from
the Tycho-2 catalogue (Høg et al. 2000), transformed into Johnson V using the expression
given in Mamajek et al. (2002).
We also collected 2MASS infrared JHKS photometry (Skrutskie et al. 2006) for the
stars of the stellar sample. The extinction in each photometric band, Ai, is derived using
the relation Ai = RiE(B − V ), where Ri is given by the coefficients provided in McCall
(2004). Reddening corrections, E(B−V ), were estimated from the dust maps of Schlegel et
al. (1998), and corrected using the expressions given in Bonifacio et al. (2000a,b). Parallaxes
are the same as those used in Section 2.
The photometric data and TIRFM values are given in Table 3.6. The stars γ Lep A/B
and ξ Boo are perhaps too bright for 2MASS and thus the error on JHKS magnitudes is
too large to provide an accurate determination of TIRFM. In addition, we estimated TIRFM
values assuming E(B − V ) = 0 for comparison, TIRFM,0, although the effect is typically
well within the uncertainties of TIRFM. In Fig. 3.3 we compare the TIRFM values with the
spectroscopic Teff values. We found a mean difference, alongside its standard deviation, of
TIRFM–Teff = −67 ± 84 K. The average error bar on TIRFM is ∼ 76 K. These differences
may be slightly correlated with our Teff , especially for the hottest stars of Teff above 6000 K,
this problem has been addressed in several studies (see Sousa et al. 2008; Ammler-von Eiff
et al. 2009; Ammler-von Eiff & Guenther 2009; Mortier et al. 2013; Tsantaki et al. 2013),
but it seems to be inherent to the differences between the IRFM method and the iron EW
approach. We verify that the correlation between TIRFM–Teff and Teff is not significant. We
find a correlation coefficient of r = −0.21 ± 0.15 (illustrated by an ordinary least squares
fit in Fig. 3.3). The goodness of fit is represented by the determination coefficient (given
by r2 = 0.04 ± 0.06). We have also performed a t-test to assess the significance of the
correlation coefficient (40 degrees of freedom). Thus, with a significance of 95% we find
that the correlation is not significant for our spectroscopic Teff . Also, the overall offset
and scatter is small enough, possibly indicating that the TIRFM is really similar to our
spectroscopic Teff . Thus, we decided to adopt the spectroscopic Teff for our abundance
analysis.
3.4.3 Hipparcos based gravities
We derived Hipparcos gravities based on the obtained spectroscopic Teff for the stellar
sample in this study. This alternative gravity derivation requires the Johnson V photometric
data discussed in Section 4.2, as well as the parallaxes discussed in Section 2. We use the web
interface4 of the PARSEC5 isochrones (see Bressan et al. 2012) to derive the Hipparcos
4http://stev.oapd.inaf.it/cgi-bin/param
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surface gravity (as in Sousa et al. 2008). The web interface only requires Teff , VJohnson,
[Fe/H], and the parallax, as well as their uncertainties to compute the desired Hipparcos
surface gravities.
The photometric data and Hipparcos gravity values are given in Table 3.6. In Fig. 3.3
we compare the log gspec values with the spectroscopic log gHip values and we find a mean
difference of log gHip–log gspec = −0.07 ± 0.13 dex. We find a correlation coefficient, for
log gHip vs log gspec, r = −0.49 ± 0.15 (r
2 = 0.24 ± 0.21). In order to assess the significance
of this correlation value we performed a t-test. As in Section 4.2 we used a confidence level
of 95 % and 43 degrees of freedom. On the other hand for log gHip vs Tspec the correlation
coefficient results in r = −0.74 ± 0.07 (r2 = 0.55 ± 0.10). In both cases the correlation
seems to be significant, with a 95 % confidence level, as it is shown in the right-hand panels
of Fig. 3.3. Since the correlation is significant in the case of surface gravities, the effect on
the chemical abundances must be considered (we refer the reader to the next section for
further details).
On average, the stars tend to show lower log gHip than log gspec. The spectroscopic
methodology we employ to derive surface gravities gives reliable Teff estimates, but it is
rather inefficient in estimating the surface gravity (see Sousa et al. 2008; Tsantaki et al.
2013; Mortier et al. 2013). For the cooler stars the EW s of the Fe ii get weaker as Teff
drops. The hottest stars may also pose a problem in this sense, possibly due to arising
difficulty in measuring the EW of the Fe ii lines, thus losing sensitivity to surface gravity
as these lines get weaker and less reliable with increasing temperatures (see bottom panel
in Fig. 3.3).
As a complementary stellar parameter test, we create a log gHip− log Teff diagram show
in Fig. 3.4. The selected stars fit within the depicted isochrones, being consistent with the
isochrone for 0.3 Gyr (for a Ursa Major age reference, see King et al. 2003).
3.4.4 Chemical abundances
The selection of the chemical elements in this study is the same as in Tabernero et al.
(2012) (see Table 3.7) whose line list comes from a combination of atomic line data from
Gonza´lez Herna´ndez et al. (2010), Pompe´ia et al. (2011), and Sousa et al. (2008). A total of
20 elements were analyzed: Fe, the α-elements (Mg, Si, Ca, and Ti), the Fe-peak elements
(Cr, Mn, Co, and Ni), the odd-Z elements (Na, Al, Sc, and V), Cu, Zn, and the s-process
elements (Y, Zr, Ba, Ce, and Nd), see Tables 3.8 and 3.9. Chemical abundances were
calculated using the EW method. The EW s were determined using the ARES code (Sousa
et al. 2007), following the approach described in Sect. 4.1.
Once the EW s are measured, the analysis is carried out with the LTEMOOG code (2002
version, see Sneden 1973) using the ATLASmodel corresponding to the derived atmospheric
parameters. We determine chemical abundances (see Tables 3.8 and 3.9) relative to solar
values using the spectrum of the asteroid Vesta, and two lunar spectra acting as solar
reference for each instrument. We compute the mean of the line-by-line differences of each
chemical element and candidate star with respect to our solar references (one for each
spectrograph, see Table 3.1 for the solar reference elemental abundances). However, to
avoid incorrect EW measurements (e.g. caused by a wrong continuum placement), we
rejected those lines separated by more than a factor of two of the standard deviation (σ)
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from the median differential abundance derived for each line. Finally, in case of stars
observed with two or three spectrographs, we simply take the average value of the available
results. We have compared the solar abundances obtained with different instruments and
the differences seem to be very small (0.10 dex or better) for the majority of the elements
treated in this study (see Table 3.1).
The differential abundances were also determined to establish the membership of each
stellar candidate using the star HD 115043 as reference (see Tables 3.10 and 3.11). The in-
ternal uncertainties of the derived stellar parameters (using StePar, see Sect. 4.1) are 28 K
for Teff , 0.07 dex for log g, 0.05 km s
−1 for ξ, and 0.03 dex for [Fe/H]. These average errors
are in fact quite small, reflecting the relative internal precision of the obtained parameters.
However, using these average values to assess the error bar on element abundance would
be too optimistic. We found that systematic errors for Teff and log g are 67 K and 0.07 dex
respectively (see Sects. 4.2 and 4.3). Combining these systematic errors with our internal
uncertainties, we obtained a total uncertainty of 72 K for Teff and 0.10 dex for log g.
However, for stars at Teff > 6000 K, these combined uncertainties can raise up to 115 K
and 0.27 dex. Therefore, in order to work with more conservative and reliable uncertainties,
we used the values given by Neves et al. (2009), i.e.: ∆Teff = ± 100 K, ∆ log g = ± 0.30 dex,
∆ξ = 0.50 km s−1, and ∆[Fe/H] = ± 0.30 dex. Using these uncertainties we derived the
abundance sensitivities to changes in the stellar atmospheric parameters (see Table 3.12
and 3.13). Then, we combined the sensitivities to give an estimation of the error bar for
[X/H] and [X/Fe]. The final errors are usually driven by Teff . However, some are dominated
by ξ (e.g., for Ba) or by log g (e.g., for Ce and Nd).
We performed a careful evaluation of the impact due to systematic errors on stellar
atmospheric parameters derived with StePar. From subsections 4.2 and 4.3 the parameter
most severly affected appears to be surface gravity. Thus, one might wonder whether its
spectroscopic derivation may have an effect on the derived abundances. Therefore, we re-
computed the differential abundances (with respect to HD 115043) with the Hipparcos
surface gravities to verify possible differences. We find small differences at about hundredths
of dex. For example, Ba and Ni remain nearly unaltered (with mean differences of 0.00
± 0.02 and 0.01 ± 0.01dex), whereas for Ca and Ce we find variations of -0.01 ± 0.03
dex, and 0.02 ± 0.05 dex respectively. As an additional check for systematic deviations,
we compared two stars in common with Biazzo et al. (2012) and D’Orazi et al. (2012)
(γ Lep A/B). Their abundances differ from ours by up to 0.11 dex in the worst case (i.e.
for [Al/Fe]). In the best case, i.e. for [Ni/Fe], they differ only by 0.01 dex. The above
differences are similar to those due to the internal scatter (typically 0.01-0.10 dex). Finally,
in order to be consistent with the previous study from Tabernero et al. (2012), we decided
to use the stellar atmospheric parameters coming from StePar.
3.5 Discussion
We will compare our derived element abundances with those of thin disc stars (Gonza´lez
Herna´ndez et al. 2010, 2013) to determine whether our values follow Galactic trends. We
will also verify the chemical homogeneity of the Ursa Major MG and whether some of the
stars indeed have homogeneous abundances of all the considered elements.
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Figure 3.4— Spectroscopic log Teff vs. log gHip for the candidate stars. We have employed the Yonsei-Yale
isochrones (Demarque et al. 2004) for Z = 0.0, and age = 0.1, 0.3, 0.5, 1, 4, and 13 Gyr (from left to right).
Mean error bars are represented at the middle right. Blue squares represent stars selected as members by
the chemical tagging approach, red diamonds represent those stars that have similar Fe abundances, but
different values of other elements. The orange circle represents the reference star HD 115043. Inverted green
triangles represent those stars that do not have similar Fe abundances (as well as dissimilar values of other
elements). For the membership criterion we refer the reader to Section 5.
3.5.1 Element abundances
The element abundances were determined in a fully differential way by comparing them
with those derived for a solar spectrum (as stated in Section 4.1). The choice of elements
is taken from Tabernero et al. (2012) (see also Table 3.7) as explained in Section 4.4.
In the case of the α-elements (see Fig. 3.5) Si and Ca seem to follow the Galactic trends
(see Bensby et al. 2005; Reddy et al. 2006; Gonza´lez Herna´ndez et al. 2010, 2013). Mg
is slightly sub-solar for stars around solar metallicity. Ti seems to follow the trends, but
the scatter tends to increase as [Fe/H] decreases for this narrow metallicity range. It has
been suggested that Ti may suffer from NLTE effects, especially for cool stars. Therefore,
to further check this issue, we have derived the difference log Ti ii–log Ti i. For the coolest
stars (Teff ≤ 5500 K), we obtain log Ti ii–log Ti i = 0.14 ± 0.09. For the hottest stars
(Teff ≥ 5500 K), we obtain 0.06 ± 0.06 dex. At 1–σ level the difference is significant
for the coolest stars (Teff ≤ 5500 K). Other studies have attributed that difference to Ti
over-ionization (Lai et al. 2008; D’Orazi & Randich 2009; Biazzo et al. 2012; Adibekyan
et al. 2012; De Silva et al. 2013). However, the total error bar for log Ti i is 0.21 dex (see
Table 3.12), maybe implying that the Ti abundance difference is not significant for the
coolest stars, even if an observable offset is present. This difference may be connected to
deviations either from excitation or ionization equilibrium (Adibekyan et al. 2012). Another
possible explanation for the observed over-ionization could be an incorrect T–τ relationship
in the adopted model atmospheres (Lai et al. 2008). Whereas this effect can be compensated
for [Fe/H] by changing ξ, it does not necessarily apply to other elements (Adibekyan et al.
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2012).
For the iron peak elements (Cr, Mn, Co, and Ni, see Fig. 3.5), we find a small scatter
in Ni and Cr. We note that most of the stars lie below the Galactic trend, and that Mn
has a larger scatter. Ni, Mn, and Co show on average sub-solar values.
For the odd-Z elements (Na, Al, Sc, and V, see Fig. 3.9), Na and Al seem to be sub-solar
in composition as it happens for some Fe-peak elements. A high dispersion is observed for
Sc, however it seems compatible with the Galactic trend. We confirm a large dispersion
for V, which some authors interpret as a NLTE effect (e.g. Bodaghee et al. 2003; Gilli et
al. 2006; Neves et al. 2009) affecting mostly the coolest stars. Vanadium lines are indeed
difficult to measure and may require very high signal-to-noise data.
Cu, Zn, and the s-process elements (Y, Zr, Ba, Ce, and Nd, see Figs. 3.9) follow similar
trends to those seen in solar analogues (Gonza´lez Herna´ndez et al. 2010). We find some
enhancement for Ba above the solar level as observed in open clusters and moving groups
with ages below 1 Gyr. D’Orazi et al. (2009) and D’Orazi et al. (2012) showed that for 0.3
Gyr (the Ursa Major attributed age, see King et al. 2003; Ammler-von Eiff & Guenther
2009) one might expect to find 0.2-0.3 dex for [Ba/Fe]. In our sample, we find similar
values for a majority of Ursa Major MG stars (see Fig. 3.9). The Ba over-abundance
is not reflected for Y, Zr, and Ce. Although the scatter is relatively large the average
abundance values are not enhanced. Cu and Zn seem to be solar in spite of the high scatter
found for these elements. Nd seems to be really high compared to the Galactic abundance
pattern, although there are some stars following the Galactic trend. At solar metallicities,
however, it raises up to 0.2 dex. The higher than solar Nd abundance of many Ursa Major
candidate stars does not endanger the subsequent differential analysis, since the reference
star HD 115043 is also enhanced ([Nd/Fe] = 0.15 ± 0.03, see Table 3.9).
3.5.2 Differential abundances with respect to HD 115043
We determine differential abundances ∆[X/H] by comparing our measured abundances with
those of a reference star known to be a member of the Ursa Major nucleus (HD 115043,
see King et al. 2003) on a line-by-line basis. The candidate selection within the sample
was determined by applying a one root-mean-squared (rms, thereafter) rejection over the
median for almost every chemical element studied. The rejection process considers the rms
in the abundances of the sample for each element. At first, we discarded every star that
deviates by more than 1-rms from the median abundance denoted by the dashed-dotted
lines in Figs. 3.6, and 3.11. The initial rms values considered during the candidate selection
are given in Table 3.2.
The initial 1-rms rejections lead to the identification of 15 candidate members. We
subsequently apply a more flexible criterion allowing stars to become members when their
abundances were within the 1-rms interval for 90 % of the elements considered and the
remaining 10 % within the 1.5-rms interval (i.e. 18 elements and 2 elements respectively).
The final rms is referred to the selected candidates of the Ursa Major moving group. The
error analysis considers only the standard deviation in the line-by-line differences. Using
this flexible approach allows us to find 29 members that may share similar abundances
among the whole sample containing 44 stars (i.e., a 66%).
This more flexible rms-based analysis was made in order to identify the degree at which
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Figure 3.5— [X/Fe] vs. [Fe/H] for the α-elements (Mg, Si, Ca, and Ti), and the Fe-peak elements
(Cr,Mn,Co, and Ni): open diamonds represent the thin disc data (Gonza´lez Herna´ndez et al. 2010, 2013),
red diamonds are our stars compatible to within 1-rms with the Fe abundance but not for all elements, blue
squares are the candidates selected to become members of the Ursa Major MG. Inverted green triangles
show incompatible stars. The reference star, HD 115043, known to be a member of the Ursa Major nucleus
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Table 3.2— Median differential abundances (with respect to HD 115043), and both initial and final rms
values for all considered elements.
Element ∆ [X/H] rmso rmsf
Na 0.03 0.15 0.09
Mg 0.02 0.13 0.08
Al 0.10 0.15 0.11
Si 0.06 0.12 0.08
Ca 0.00 0.11 0.05
Sc 0.05 0.17 0.12
Ti 0.07 0.12 0.08
V 0.10 0.18 0.14
Cr 0.04 0.11 0.06
Mn 0.05 0.20 0.11
Co 0.09 0.17 0.11
Ni 0.07 0.15 0.09
Fe 0.04 0.12 0.07
Cu 0.13 0.22 0.17
Zn 0.03 0.15 0.09
Y 0.09 0.15 0.10
Zr 0.01 0.16 0.09
Ba −0.14 0.22 0.15
Ce −0.01 0.10 0.06
Nd −0.01 0.15 0.08
the sample is homogeneous, and to account for the likely contamination of the sample by
field stars. Therefore, to assess this degree of homogeneity one must take into account the
number of stars that lie within 1-rms, 1.5-rms, 2-rms, and 3-rms intervals (see Table 3.3).
The last three columns of Table 3.5 give information about membership based on the
differential abundances (with respect to HD 115043) of Fe and the other elements following
these criteria. Combining the pure 1-rms rejection and the more flexible criteria we obtain
that from 34% to 66% of the candidates are members of UMa, for a pure 1-rms rejection
and the flexible criterion, respectively. The rms of the final selection for different elements
ranges about 0.1 dex to 0.05 dex. We find that Si, Ca, Cr, Fe, and Ce exhibit an internal
dispersion equal or better than 0.08 dex. On the other hand, Na, Mg, Ti, Ni, Zn, Zr, and
Nd display a disperssion of less than 0.1 dex. The remaining elements have a rms scatter
around 0.1 dex (see Table 3.2). Interestingly, the present chemical analysis can eliminate
some outliers in the space velocity diagram (see Fig 3.7). In addition, our final set of
selected candidates tends to concentrate nearby the mean velocity of the Ursa Major MG.
As a final test, we compared the Hyades SC abundances (Tabernero et al. 2012) and thin
disc (Gonza´lez Herna´ndez et al. 2010) with those of UMa (see Fig. 3.8). For the thin disc,
each value is derived from the average of those stars within one σ around the [Fe/H] of each
MG. It is interesting to check whether the two moving groups have different abundance
patterns. Some of the 20 individual abundances seem to be marginally distinguishable,
with a few noticeable exceptions, namely Ca, V, Y, Ba, and Zr. The other elements might
behave differently for the two groups, the Ursa Major MG being less metallic (nearly solar)
than the Hyades SC (super-solar composition).
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Different abundance patterns can indicate a different formation site (Freeman & Bland-
Hawthorn 2002). Therefore, it would be possible to distinguish different stars from different
moving groups when using the chemical tagging approach. In spite of the fact that the
abundances seem to be different from those of field stars, the internal dispersion does not
give a clear hint on any palpable difference. We also note that a detailed treatment of
several different elements is important to have a good picture of the composition of moving
groups. In conclusion, the two MGs might behave differently in the abundance space.
3.6 Conclusions
We have computed the stellar parameters and their uncertainties for 45 Ursa Major MG
candidate stars, and obtained their chemical abundances for 20 elements (Fe, Na, Mg, Al,
Si, Ca, Ti, V, Cr, Mn, Co, Fe, Ni, Cu, Zn, Y, Zr, Ba, Ce, and Nd), using a fully differential
abundance approach with solar spectra of Vesta and the Moon as solar references.
We derive the Galactic space velocity components for each star and use them to check
the original selection based on Galactic velocities (Montes et al. 2001a; Lo´pez-Santiago et
al. 2010), which was then improved using the radial velocities derived from our data. We
employ the new Hipparcos proper motions and parallaxes (Høg et al. 2000; van Leeuwen
2007) using the procedures described in Montes et al. (2001a). To perform a preliminary
consistency check, we analysed the U , V , and W Galactic velocities (see Fig. 3.7) of the
final selected stars to not include any outliers in V .
As a complementary test of the stellar parameters, we compile a log g vs. log Teff diagram
to verify the consistency of the method employed to determine the stellar parameters. This
diagram shows that most of the stars fall on the isochrone for the Ursa Major attributed age
(0.3 Gyr, see King et al. 2003; Ammler-von Eiff & Guenther 2009). This is an important
but insufficient condition to ascertain that they have a common origin. The differential
abundance analysis (chemical tagging) shows that the finally 29 selected stars are compatible
with the accepted age isochrone, as expected if they have evaporated from a single star
forming event. The membership percentage that we find in this work (66%) may indicate
that the Ursa Major MG is likely to originate from a dispersing cluster. This result was also
pointed out by other studies (such as King et al. 2003; King & Schuler 2005; Ammler-von
Eiff & Guenther 2009, and references therein). Furthermore, we also verify that different
moving groups (Hyades SC and Ursa Major) might be distinguished by the individual
element abundances (see Fig. 3.8).
A yet more detailed analysis of different age indicators and chemical homogeneity is in
progress and will be presented in future publications. This analysis will lead to a more
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Figure 3.6— ∆[X/H] differential abundances (with respect to HD 115043) for the α-elements (Mg, Si,
Ca, and Ti), Fe, and the Fe-peak elements (Cr, Mn, Co, and Ni) vs. Teff . Dashed-dotted lines represent
1-rms over and below the median for our sample, whereas dotted lines represent the 1.5-rms level. Dashed
lines represent the mean differential abundance. The meaning of the symbols is the same as in Fig. 3.5
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Figure 3.7— U , V , and W recalculated velocities for the possible members of the Ursa Major MG. For a full
explanation on the final selection criterion, we refer the reader to Section 5. The big black cross indicates the U ,
V , and W central location of the Ursa Major MG (see King et al. 2003). Dashed lines show the region where the
majority of the young disc stars tends to be according to Eggen (1984, 1989). The meaning of the symbols is the
same as in Fig. 3.5
consistent means of confirming a list of candidate members from the abundance analysis.
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Table 3.4— Properties of the sample, including radial velocities and derived kinematics.
Name HIP Instrumenta SpT mV α δ Vr U V W
(mag) (J2000) (J2000) (km s−1) (km s−1) (km s−1) (km s−1)
HD 4048 3369 T F8V 6.64 00 42 50.74 -09 55 18.08 22.27 ± 0.10 2.92 ± 0.14 6.01 ± 0.07 -22.16 ± 0.10
V445 And 5944 F, T G0V 6.59 01 16 29.25 42 56 21.90 -13.18 ± 0.11 18.09 ± 0.16 -3.75 ± 0.12 0.04 ± 0.08
HD 8004 6285 T G0V 7.20 01 20 36.94 54 57 44.47 -8.28 ± 0.05 16.26 ± 0.22 -0.34 ± 0.13 -12.86 ± 0.27
HD 13829 10681 T F8V 7.61 02 17 25.67 65 15 43.56 -12.17 ± 0.09 12.77 ± 0.19 -4.40 ± 0.18 -6.03 ± 0.21
HD 20367 15323 T G0V 6.41 03 17 40.05 31 07 37.36 6.37 ± 0.05 1.92 ± 0.13 6.37 ± 0.09 -14.97 ± 0.22
γ Lep A 27072 H F6V 3.59 05 44 27.79 -22 26 54.18 -9.01 ± 0.04 17.88 ± 0.03 4.11 ± 0.03 -11.87 ± 0.03
γ Lep B 27072 H K2V 6.15 05 44 26.54 -22 25 18.77 -9.68 ± 0.02 18.30 ± 0.02 4.56 ± 0.01 -11.59 ± 0.03
V1386 Ori 28954 H K0V 6.74 06 06 40.48 15 32 31.58 -9.87 ± 0.02 10.60 ± 0.02 0.29 ± 0.04 -10.81 ± 0.12
HD 51419 33537 T G5V 6.94 06 58 11.75 22 28 33.20 -26.37 ± 0.04 25.20 ± 0.05 14.34 ± 0.13 4.59 ± 0.16
HD 56168 35628 H K0V 8.38 07 21 06.73 67 39 42.61 -9.05 ± 0.02 8.47 ± 0.07 5.27 ± 0.25 -11.05 ± 0.18
DX Lyn 36704 H G5V 7.70 07 33 00.58 37 01 47.43 -15.83 ± 0.02 12.64 ± 0.07 2.54 ± 0.09 -10.40 ± 0.15
V869 Mon 37349 F, T K2V 7.17 07 39 59.33 -03 35 51.03 -18.11 ± 0.27 25.20 ± 0.26 -3.07 ± 0.25 -7.65 ± 0.09
HD 64942 38747 F G5V 8.34 07 55 58.23 -09 47 49.94 -8.05 ± 1.19 10.66 ± 0.83 1.30 ± 0.90 -0.31 ± 0.29
HD 72659 42030 H G0V 7.47 08 34 03.19 -01 34 05.58 -18.31 ± 0.03 7.64 ± 0.19 -1.53 ± 0.53 -38.88 ± 1.21
II Cnc 43670 H G8V 8.45 08 53 49.94 26 54 47.68 -18.02 ± 0.03 15.05 ± 0.28 3.56 ± 0.20 -9.54 ± 0.34
HD 76218 43852 H G5V 7.68 08 55 55.68 36 11 46.28 -12.80 ± 0.02 7.73 ± 0.11 -0.16 ± 0.10 -10.81 ± 0.13
HD 81659 46324 H G6/8 7.89 09 26 42.83 -14 29 26.69 -16.63 ± 0.02 25.76 ± 0.58 0.35 ± 0.39 -16.49 ± 0.29
HD 91148 51550 H G8V 7.94 10 31 45.60 24 04 55.93 -23.20 ± 0.02 17.37 ± 0.21 1.16 ± 0.16 -17.68 ± 0.09
HD 91204 51579 H G0V 7.82 10 32 05.50 17 59 23.08 -10.54 ± 0.02 8.87 ± 0.21 0.77 ± 0.15 -7.91 ± 0.10
HD 93215 52667 H G5V 8.05 10 46 09.23 25 45 39.69 -15.44 ± 0.02 17.07 ± 0.41 5.01 ± 0.12 -8.24 ± 0.21
HD 100310 56337 F K0V 8.82 11 32 57.05 52 31 25.35 -8.49 ± 0.68 15.05 ± 0.68 0.48 ± 0.27 -2.75 ± 0.64
HD 104289 58572 H F8V 8.07 12 00 41.28 59 21 11.23 -20.73 ± 0.04 14.15 ± 0.34 -2.72 ± 0.30 -17.00 ± 0.10
DO CVn 61481 F K0V 8.54 12 35 51.29 51 13 17.27 -8.80 ± 0.34 15.05 ± 0.36 3.80 ± 0.22 -6.73 ± 0.31
NP UMa 61946 F K3V 8.28 12 41 44.52 55 43 28.82 -9.62 ± 0.49 14.37 ± 0.27 2.94 ± 0.24 -7.68 ± 0.43
HD 115043 64532 H, T G2V 6.82 13 13 37.01 56 42 29.77 -8.42 ± 0.06 13.91 ± 0.16 2.60 ± 0.10 -7.35 ± 0.07
HD 116497 65363 H G0V 7.85 13 23 44.76 19 05 28.30 -12.37 ± 0.03 5.28 ± 0.29 0.53 ± 0.12 -13.57 ± 0.06
HN Boo 71395 H, T K3V 7.45 14 36 00.56 09 44 47.46 -9.79 ± 0.06 16.81 ± 0.37 -4.45 ± 0.10 -20.71 ± 0.22
HP Boo 72567 F G1V 5.88 14 50 15.81 23 54 42.64 -2.14 ± 0.32 4.73 ± 0.13 9.68 ± 0.10 -7.08 ± 0.29
ξ Boo 72659 F, T G8V 4.59 14 51 23.38 19 06 01.70 1.44 ± 0.25 5.01 ± 0.11 2.00 ± 0.05 -1.31 ± 0.22
HD 135143 74092 H G0V 7.83 15 08 30.37 72 22 09.63 -4.04 ± 0.03 13.01 ± 0.27 9.45 ± 0.27 -11.27 ± 0.20
AN CrB 76330 F K0V 8.62 15 35 30.16 36 12 34.62 -13.64 ± 0.14 14.57 ± 0.48 -3.07 ± 0.15 -20.49 ± 0.27
HD 150706 80902 H, F, T G3V 7.03 16 31 17.59 79 47 23.20 -17.15 ± 0.06 19.65 ± 0.16 -4.24 ± 0.12 -13.70 ± 0.07
HD 151044 81800 F F8V 6.47 16 42 27.81 49 56 11.19 -13.36 ± 0.06 16.37 ± 0.16 -2.69 ± 0.08 -21.68 ± 0.12
HD 153458 83181 H G5V 7.98 17 00 01.66 -07 31 53.97 0.68 ± 0.02 5.78 ± 0.19 9.24 ± 0.36 -18.35 ± 0.69
HD 153637 83204 H, T F8V 7.38 17 00 16.37 10 49 22.12 -1.53 ± 0.05 15.13 ± 0.50 -3.20 ± 0.13 -23.26 ± 0.70
HD 162209 87135 H G0V 7.77 17 48 13.08 38 13 57.32 12.88 ± 0.02 22.14 ± 0.46 11.49 ± 0.09 -10.16 ± 0.44
HD 163183 87079 H, T G0V 7.75 17 47 38.18 73 07 57.65 -4.67 ± 0.08 13.58 ± 0.28 3.71 ± 0.19 -9.87 ± 0.19
HD 167043 89159 H G0V 8.39 18 11 46.82 37 53 14.48 11.84 ± 0.03 12.81 ± 0.68 10.23 ± 0.19 -4.07 ± 0.72
HD 167389 89282 T F8V 7.39 18 13 07.23 41 28 31.31 -5.15 ± 0.05 16.94 ± 0.27 -5.69 ± 0.06 -14.34 ± 0.18
HD 181655 94981 H G8V 6.31 19 19 39.00 37 19 49.95 2.13 ± 0.03 22.46 ± 0.19 -5.58 ± 0.07 -2.52 ± 0.04
HD 184385 96183 H G8V 6.88 19 33 25.55 21 50 25.19 12.10 ± 0.03 21.85 ± 0.30 0.42 ± 0.19 -7.48 ± 0.17
HD 184960 96258 H, F, T F7V 5.70 19 34 19.79 51 14 11.83 0.92 ± 0.11 18.98 ± 0.12 2.01 ± 0.11 -12.34 ± 0.08
HD 188015 97769 H G5V 8.23 19 52 04.54 28 06 01.35 0.10 ± 0.02 12.63 ± 0.63 -5.63 ± 0.29 -25.13 ± 1.23
HD 216625 113086 T F8V 7.02 22 54 07.41 19 53 31.35 10.87 ± 0.06 25.78 ± 0.64 -1.34 ± 0.26 -19.99 ± 0.35
MT Peg 113829 F, T G1V 6.62 23 03 04.98 20 55 06.87 2.25 ± 0.07 13.46 ± 0.24 4.53 ± 0.09 1.99 ± 0.09
aInstruments employed to acquire the data: HERMES (H), FOCES (F), and TLS (T).
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Table 3.5— Stellar parameters for the whole sample, Fe differential abundance (∆[Fe/H]), and the re-
sulting membership based on the abundance homogeneity criterium.
Name Instrumenta Teff log g ξ log ǫ(Fe i) log ǫ(Fe ii) [Fe/H] ∆[Fe/H] M(Fe)
b Tot.c Md
HD 115043 H, T 5941 ± 30 4.60 ± 0.08 1.22 ± 0.04 7.46 ± 0.02 7.45 ± 0.04 -0.010 ± 0.005 — ± — Y 20 Y
HD 4048 T 6428 ± 77 4.56 ± 0.17 1.15 ± 0.10 7.56 ± 0.06 7.56 ± 0.07 0.080 ± 0.011 0.089 ± 0.010 Y 13 N
V445 And F, T 6028 ± 38 4.62 ± 0.09 1.20 ± 0.06 7.44 ± 0.03 7.45 ± 0.04 -0.030 ± 0.006 -0.012 ± 0.005 Y 20 Y
HD 8004 T 6072 ± 38 4.58 ± 0.10 0.95 ± 0.06 7.50 ± 0.03 7.50 ± 0.04 0.029 ± 0.006 0.040 ± 0.006 Y 19 Y*
HD 13829 T 6158 ± 62 4.49 ± 0.14 0.83 ± 0.09 7.55 ± 0.05 7.54 ± 0.06 0.045 ± 0.008 0.055 ± 0.008 Y 20 Y
HD 20367 T 6107 ± 38 4.49 ± 0.09 1.02 ± 0.05 7.59 ± 0.03 7.59 ± 0.04 0.108 ± 0.006 0.118 ± 0.006 Y 18 Y*
γ Lep A H 6441 ± 38 4.72 ± 0.11 1.67 ± 0.06 7.43 ± 0.03 7.42 ± 0.05 -0.039 ± 0.006 -0.039 ± 0.006 Y 19 Y*
γ Lep B H 4907 ± 55 4.39 ± 0.15 0.71 ± 0.19 7.35 ± 0.03 7.35 ± 0.09 -0.112 ± 0.007 -0.112 ± 0.007 Y 18 Y*
V1386 Ori H 5292 ± 23 4.52 ± 0.06 0.98 ± 0.05 7.43 ± 0.02 7.44 ± 0.03 -0.026 ± 0.004 -0.022 ± 0.004 Y 19 Y*
HD 51419 T 5662 ± 25 4.32 ± 0.07 0.86 ± 0.04 7.10 ± 0.02 7.10 ± 0.03 -0.371 ± 0.004 -0.364 ± 0.005 N 0 N
HD 56168 H 5044 ± 35 4.53 ± 0.10 0.81 ± 0.09 7.28 ± 0.02 7.28 ± 0.06 -0.175 ± 0.005 -0.169 ± 0.006 N 9 N
DX Lyn H 5073 ± 37 4.44 ± 0.10 0.80 ± 0.10 7.38 ± 0.02 7.38 ± 0.06 -0.073 ± 0.005 -0.069 ± 0.005 Y 20 Y
V869 Mon F, T 5007 ± 65 4.52 ± 0.20 1.09 ± 0.15 7.38 ± 0.04 7.38 ± 0.13 -0.089 ± 0.008 -0.080 ± 0.010 Y 19 Y*
HD 64942 F 5869 ± 36 4.63 ± 0.09 1.11 ± 0.06 7.48 ± 0.03 7.48 ± 0.04 0.011 ± 0.005 0.025 ± 0.005 Y 20 Y
HD 72659 H 5956 ± 14 4.30 ± 0.04 1.21 ± 0.02 7.46 ± 0.01 7.47 ± 0.02 0.001 ± 0.003 0.009 ± 0.003 Y 16 N
II Cnc H 5409 ± 24 4.49 ± 0.06 0.99 ± 0.04 7.43 ± 0.02 7.43 ± 0.03 -0.030 ± 0.004 -0.022 ± 0.004 Y 20 Y
HD 76218 H 5376 ± 25 4.47 ± 0.08 0.97 ± 0.05 7.41 ± 0.02 7.40 ± 0.04 -0.053 ± 0.004 -0.044 ± 0.004 Y 19 Y*
HD 81659 H 5706 ± 19 4.48 ± 0.05 0.99 ± 0.03 7.63 ± 0.01 7.63 ± 0.02 0.168 ± 0.003 0.175 ± 0.004 N 9 N
HD 91148 H 5637 ± 21 4.43 ± 0.05 0.90 ± 0.03 7.55 ± 0.02 7.55 ± 0.02 0.095 ± 0.003 0.103 ± 0.003 Y 20 Y
HD 91204 H 5945 ± 17 4.37 ± 0.06 1.20 ± 0.02 7.68 ± 0.01 7.68 ± 0.03 0.225 ± 0.003 0.231 ± 0.003 N 4 N
HD 93215 H 5822 ± 17 4.46 ± 0.05 1.06 ± 0.02 7.68 ± 0.01 7.68 ± 0.02 0.224 ± 0.003 0.229 ± 0.003 N 5 N
HD 100310 F 5459 ± 26 4.48 ± 0.07 0.74 ± 0.05 7.33 ± 0.02 7.33 ± 0.04 -0.137 ± 0.004 -0.124 ± 0.005 N 8 N
HD 104289 H 6301 ± 32 4.48 ± 0.06 1.38 ± 0.04 7.58 ± 0.02 7.58 ± 0.03 0.113 ± 0.005 0.128 ± 0.004 Y 19 Y*
DO CVn F 5015 ± 65 4.61 ± 0.17 1.05 ± 0.16 7.38 ± 0.03 7.39 ± 0.11 -0.078 ± 0.008 -0.072 ± 0.008 Y 20 Y
NP UMa F 4997 ± 59 4.60 ± 0.17 1.16 ± 0.16 7.34 ± 0.03 7.34 ± 0.11 -0.126 ± 0.008 -0.115 ± 0.008 N 17 N
HD 116497 H 6222 ± 27 4.61 ± 0.06 1.24 ± 0.03 7.56 ± 0.02 7.56 ± 0.03 0.099 ± 0.004 0.111 ± 0.003 Y 20 Y
HN Boo H, T 4990 ± 63 4.47 ± 0.19 1.08 ± 0.17 7.45 ± 0.04 7.45 ± 0.12 -0.001 ± 0.010 0.002 ± 0.008 Y 19 Y*
HP Boo F 6072 ± 26 4.59 ± 0.06 1.27 ± 0.04 7.51 ± 0.02 7.51 ± 0.03 0.042 ± 0.003 0.060 ± 0.003 Y 20 Y
ξ Boo F, T 5513 ± 26 4.57 ± 0.08 1.14 ± 0.04 7.31 ± 0.02 7.31 ± 0.04 -0.162 ± 0.004 -0.155 ± 0.012 N 4 N
HD 135143 H 6094 ± 18 4.55 ± 0.05 1.14 ± 0.03 7.56 ± 0.01 7.56 ± 0.02 0.103 ± 0.003 0.111 ± 0.003 Y 20 Y
AN CrB F 5106 ± 44 4.56 ± 0.13 1.04 ± 0.10 7.27 ± 0.03 7.27 ± 0.08 -0.197 ± 0.005 -0.185 ± 0.006 N 8 N
HD 150706 H, F, T 5953 ± 25 4.57 ± 0.08 1.13 ± 0.04 7.43 ± 0.02 7.43 ± 0.03 -0.036 ± 0.004 -0.028 ± 0.005 Y 20 Y
HD 151044 F 6203 ± 21 4.54 ± 0.05 1.32 ± 0.03 7.51 ± 0.02 7.51 ± 0.02 0.042 ± 0.003 0.059 ± 0.003 Y 20 Y
HD 153458 H 5832 ± 19 4.48 ± 0.05 1.04 ± 0.02 7.56 ± 0.02 7.56 ± 0.02 0.096 ± 0.003 0.104 ± 0.004 Y 19 Y*
HD 153637 H, T 5976 ± 63 4.45 ± 0.14 1.19 ± 0.11 7.19 ± 0.05 7.19 ± 0.06 -0.274 ± 0.010 -0.266 ± 0.003 N 1 N
HD 162209 H 5948 ± 11 4.38 ± 0.04 1.15 ± 0.02 7.56 ± 0.01 7.55 ± 0.02 0.097 ± 0.002 0.105 ± 0.003 Y 15 N
HD 163183 H, T 6083 ± 71 4.72 ± 0.17 1.31 ± 0.11 7.48 ± 0.05 7.48 ± 0.08 0.016 ± 0.010 0.035 ± 0.018 Y 19 Y*
HD 167043 H 6264 ± 25 4.20 ± 0.06 1.72 ± 0.04 7.51 ± 0.02 7.51 ± 0.03 0.049 ± 0.004 0.061 ± 0.004 Y 20 Y
HD 167389 T 5978 ± 20 4.56 ± 0.05 1.17 ± 0.03 7.49 ± 0.02 7.49 ± 0.02 0.011 ± 0.003 0.023 ± 0.004 Y 19 Y*
HD 181655 H 5687 ± 18 4.48 ± 0.04 0.95 ± 0.03 7.51 ± 0.01 7.52 ± 0.02 0.056 ± 0.002 0.064 ± 0.003 Y 20 Y
HD 184385 H 5511 ± 22 4.48 ± 0.06 0.94 ± 0.03 7.51 ± 0.02 7.51 ± 0.03 0.054 ± 0.003 0.058 ± 0.004 Y 20 Y
HD 184960 H, F, T 6446 ± 41 4.57 ± 0.08 1.73 ± 0.06 7.46 ± 0.03 7.47 ± 0.04 -0.006 ± 0.007 0.006 ± 0.014 Y 18 Y*
HD 188015 H 5732 ± 23 4.43 ± 0.06 0.98 ± 0.03 7.69 ± 0.02 7.69 ± 0.03 0.232 ± 0.003 0.238 ± 0.004 N 5 N
HD 216625 T 6320 ± 50 4.58 ± 0.11 1.38 ± 0.07 7.57 ± 0.04 7.57 ± 0.04 0.097 ± 0.007 0.104 ± 0.007 Y 16 N
MT Peg F, T 5944 ± 25 4.57 ± 0.07 1.16 ± 0.03 7.54 ± 0.02 7.54 ± 0.03 0.069 ± 0.004 0.083 ± 0.005 Y 18 Y*
aInstruments employed to acquire the data: HERMES (H), FOCES (F), and TLS (T).
bIf the star satisfies or not the Fe homogeneity criterium at 1-rms.
cThe number of elements satisfying homogeneity at 1-rms.
dIf the star satisfies or not the homogeneity criterium in all the analysed elements. Y* means that the remaining 1 or 2 elements
satisfy 1.5-rms criterium but not the 1-rms.
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Figure 3.8— Elemental abundances for the Hyades SC (filled diamonds, see Tabernero et al. 2012)
and the Ursa Major MG (filled circles). Thin disc abundance values for field solar analogues (Gonza´lez
Herna´ndez et al. 2010) are represented by open triangles (at Ursa Major MG [Fe/H]) and open squares (at
the Hyades SC [Fe/H]). Right bottom error bars represent the standard deviation. Dotted lines simply join
the points for each moving group.
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Figure 3.9— Same as Fig. 3.5 but for the odd-Z elements (Na, Al, Sc, and V), Cu, Zn, and the s-process
elements (Y, Zr, Ba, Ce, and Nd).
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Figure 3.10— Fig. 3.9 Continued.
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Figure 3.11— Same as Fig. 3.6 but for the odd-Z elements (Na, Al, Sc, and V), Cu, Zn, and the s-process





























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































70 CHAPTER 3. Chemical tagging of the Ursa Major moving group
Table 3.7: Wavelength, elements, excitation potential,
oscillator strengths for the spectral lines used in the present
work. For the Fe i,ii linelist, please see Sousa et al. (2008)
References. (G10) Gonza´lez Herna´ndez et al. (2010);
(P11) Pompe´ia et al. (2011)
λ (
◦
A) Element χl (eV) log gf Ref.
6154.23 Na i 2.10 -1.622 G10
6160.75 Na i 2.10 -1.363 G10
4730.04 Mg i 4.35 -2.234 G10
5711.09 Mg i 4.35 -1.777 G10
6319.24 Mg i 5.11 -2.300 G10
6696.03 Al i 3.14 -1.571 G10
6698.67 Al i 3.14 -1.886 G10
5517.54 Si i 5.08 -2.496 G10
5645.61 Si i 4.93 -2.068 G10
5684.49 Si i 4.95 -1.642 G10
5701.11 Si i 4.93 -2.034 G10
5753.64 Si i 5.62 -1.333 G10
5772.15 Si i 5.08 -1.669 G10
5797.87 Si i 4.95 -1.912 G10
5948.54 Si i 5.08 -1.208 G10
6125.02 Si i 5.61 -1.555 G10
6142.49 Si i 5.62 -1.520 G10
6145.02 Si i 5.62 -1.425 G10
6195.46 Si i 5.87 -1.666 G10
6237.33 Si i 5.61 -1.116 G10
6243.82 Si i 5.62 -1.331 G10
6244.48 Si i 5.62 -1.310 G10
6527.21 Si i 5.87 -1.227 G10
6721.85 Si i 5.86 -1.156 G10
6741.63 Si i 5.98 -1.625 G10
5261.71 Ca i 2.52 -0.677 G10
5349.47 Ca i 2.71 -0.581 G10
5512.98 Ca i 2.93 -0.559 G10
5867.56 Ca i 2.93 -1.592 G10
6156.02 Ca i 2.52 -2.497 G10
6161.29 Ca i 2.52 -1.313 G10
6166.44 Ca i 2.52 -1.155 G10
6169.04 Ca i 2.52 -0.800 G10
6449.82 Ca i 2.52 -0.733 G10
6455.60 Ca i 2.52 -1.404 G10




A) Element χl (eV) log gf Ref.
6499.65 Ca i 2.52 -0.917 G10
4743.82 Sc i 1.45 0.297 G10
5520.50 Sc i 1.87 0.562 G10
5671.82 Sc i 1.45 0.533 G10
5526.82 Sc ii 1.77 0.140 G10
5657.88 Sc ii 1.51 -0.326 G10
5667.14 Sc ii 1.50 -1.025 G10
5684.19 Sc ii 1.51 -0.946 G10
6245.62 Sc ii 1.51 -1.022 G10
6320.84 Sc ii 1.50 -1.863 G10
4555.49 Ti i 0.85 -0.575 G10
4562.63 Ti i 0.02 -2.718 G10
4645.19 Ti i 1.73 -0.666 G10
4656.47 Ti i 0.00 -1.308 G10
4675.11 Ti i 1.07 -0.939 G10
4722.61 Ti i 1.05 -1.433 G10
4820.41 Ti i 1.50 -0.429 G10
4913.62 Ti i 1.87 0.068 G10
4997.10 Ti i 0.00 -2.174 G10
5016.17 Ti i 0.85 -0.657 G10
5039.96 Ti i 0.02 -1.199 G10
5064.06 Ti i 2.69 -0.471 G10
5071.49 Ti i 1.46 -0.797 G10
5113.44 Ti i 1.44 -0.861 G10
5145.47 Ti i 1.46 -0.622 G10
5219.70 Ti i 0.02 -2.254 G10
5490.16 Ti i 1.46 -1.008 G10
5503.90 Ti i 2.58 -0.218 G10
5648.57 Ti i 2.49 -0.410 G10
5662.16 Ti i 2.32 -0.123 G10
5739.48 Ti i 2.25 -0.781 G10
5766.33 Ti i 3.29 0.326 G10
5965.84 Ti i 1.88 -0.492 G10
5978.55 Ti i 1.87 -0.602 G10
6064.63 Ti i 1.05 -1.941 G10
6091.18 Ti i 2.27 -0.445 G10
6126.22 Ti i 1.07 -1.416 G10
6258.11 Ti i 1.44 -0.435 G10
6261.10 Ti i 1.43 -0.491 G10
6599.12 Ti i 0.90 -2.069 G10
4583.41 Ti ii 1.16 -2.840 G10
4636.33 Ti ii 1.16 -3.152 G10
4657.20 Ti ii 1.24 -2.379 G10
72 CHAPTER 3. Chemical tagging of the Ursa Major moving group
λ (
◦
A) Element χl (eV) log gf Ref.
4708.67 Ti ii 1.24 -2.392 G10
4911.20 Ti ii 3.12 -0.537 G10
5211.54 Ti ii 2.59 -1.490 G10
5381.03 Ti ii 1.57 -1.904 G10
5418.77 Ti ii 1.58 -2.104 G10
5670.85 V i 1.08 -0.482 G10
5727.05 V i 1.08 -0.015 G10
6039.73 V i 1.06 -0.747 G10
6081.45 V i 1.05 -0.692 G10
6090.21 V i 1.08 -0.150 G10
6119.53 V i 1.06 -0.451 G10
6243.11 V i 0.30 -1.067 G10
6251.83 V i 0.29 -1.431 G10
4575.11 Cr i 3.37 -1.004 G10
4626.18 Cr i 0.97 -1.467 G10
4633.25 Cr i 3.13 -1.215 G10
4700.61 Cr i 2.71 -1.464 G10
4708.02 Cr i 3.17 -0.104 G10
4730.72 Cr i 3.08 -0.345 G10
4767.86 Cr i 3.56 -0.599 G10
4801.03 Cr i 3.12 -0.251 G10
4936.34 Cr i 3.11 -0.343 G10
5122.12 Cr i 1.03 -3.166 G10
5214.14 Cr i 3.37 -0.784 G10
5238.97 Cr i 2.71 -1.427 G10
5247.57 Cr i 0.96 -1.618 G10
5287.18 Cr i 3.44 -0.954 G10
5348.33 Cr i 1.00 -1.229 G10
5480.51 Cr i 3.45 -0.997 G10
5781.18 Cr i 3.32 -0.886 G10
5783.07 Cr i 3.32 -0.472 G10
5787.92 Cr i 3.32 -0.183 G10
6882.52 Cr i 3.44 -0.392 G10
4588.20 Cr ii 4.07 -0.752 G10
4592.05 Cr ii 4.07 -1.252 G10
4884.61 Cr ii 3.86 -2.069 G10
4502.21 Mn i 2.92 -0.523 G10
4739.11 Mn i 2.94 -0.462 G10
4761.51 Mn i 2.95 -0.147 G10
5377.62 Mn i 3.84 -0.068 G10
6013.49 Mn i 3.07 0.046 G10
4594.63 Co i 3.63 -0.279 G10




A) Element χl (eV) log gf Ref.
4813.48 Co i 3.22 0.177 G10
5301.05 Co i 1.71 -1.950 G10
5342.71 Co i 4.02 0.606 G10
5352.05 Co i 3.58 0.004 G10
5359.20 Co i 4.15 0.040 G10
5647.24 Co i 2.28 -1.594 G10
6814.95 Co i 1.96 -1.822 G10
4512.99 Ni i 3.71 -1.467 G10
4811.99 Ni i 3.66 -1.363 G10
4814.60 Ni i 3.60 -1.670 G10
4913.98 Ni i 3.74 -0.661 G10
4946.04 Ni i 3.80 -1.224 G10
4952.29 Ni i 3.61 -1.261 G10
4976.33 Ni i 1.68 -3.002 G10
4995.66 Ni i 3.63 -1.611 G10
5010.94 Ni i 3.63 -0.901 G10
5081.11 Ni i 3.85 0.064 G10
5094.41 Ni i 3.83 -1.108 G10
5392.33 Ni i 4.15 -1.354 G10
5435.86 Ni i 1.99 -2.432 G10
5462.50 Ni i 3.85 -0.880 G10
5587.87 Ni i 1.93 -2.479 G10
5589.36 Ni i 3.90 -1.148 G10
5625.32 Ni i 4.09 -0.731 G10
5628.35 Ni i 4.09 -1.316 G10
5638.75 Ni i 3.90 -1.699 G10
5641.88 Ni i 4.11 -1.017 G10
5643.08 Ni i 4.16 -1.234 G10
5694.99 Ni i 4.09 -0.629 G10
5748.36 Ni i 1.68 -3.279 G10
5805.22 Ni i 4.17 -0.604 G10
5847.00 Ni i 1.68 -3.410 G10
5996.73 Ni i 4.24 -1.010 G10
6086.29 Ni i 4.27 -0.471 G10
6108.12 Ni i 1.68 -2.512 G10
6111.08 Ni i 4.09 -0.823 G10
6119.76 Ni i 4.27 -1.316 G10
6128.98 Ni i 1.68 -3.368 G10
6130.14 Ni i 4.27 -0.938 G10
6175.37 Ni i 4.09 -0.534 G10
6176.82 Ni i 4.09 -0.266 G10
6177.25 Ni i 1.83 -3.538 G10
6186.72 Ni i 4.11 -0.888 G10
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6204.61 Ni i 4.09 -1.112 G10
6223.99 Ni i 4.11 -0.954 G10
6230.10 Ni i 4.11 -1.132 G10
6322.17 Ni i 4.15 -1.164 G10
6327.60 Ni i 1.68 -3.086 G10
6360.81 Ni i 4.17 -1.145 G10
6378.26 Ni i 4.15 -0.830 G10
6598.60 Ni i 4.24 -0.914 G10
6635.13 Ni i 4.42 -0.779 G10
6767.78 Ni i 1.83 -2.136 G10
6772.32 Ni i 3.66 -0.963 G10
6842.04 Ni i 3.66 -1.496 G10
5105.55 Cu i 1.39 -1.520 G10
5218.21 Cu i 3.82 0.480 G10
5220.09 Cu i 3.82 -0.450 G10
5782.12 Cu i 1.64 -1.720 G10
4722.16 Zn i 4.03 -0.370 G10
4810.54 Zn i 4.08 -0.170 G10
6362.35 Zn i 5.79 0.140 G10
4900.12 Y ii 1.03 -0.090 G10
5087.43 Y ii 1.08 -0.160 G10
5200.42 Y ii 0.99 -0.570 G10
5402.78 Y ii 1.84 -0.440 G10
4687.81 Zr i 0.73 0.550 P11
4739.48 Zr i 0.65 0.230 P11
5112.28 Zr ii 1.66 -0.590 G10
4554.03 Ba ii 0.00 0.140 P11
4934.08 Ba ii 0.00 -0.157 P11
5853.67 Ba ii 0.60 -0.909 G10
6141.71 Ba ii 0.70 -0.030 G10
6496.90 Ba ii 0.60 -0.406 G10
4523.08 Ce ii 0.51 0.040 G10
4562.36 Ce ii 0.48 0.230 P11
4628.16 Ce ii 0.52 0.230 G10
4773.96 Ce ii 0.92 0.250 G10
5274.23 Ce ii 1.04 0.150 G10
5092.80 Nd ii 0.38 -0.650 G10
























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































76 CHAPTER 3. Chemical tagging of the Ursa Major moving group
Table 3.9— [X/Fe] ratios for the s-process elements: Cu, Zn, Y, Zr, Ba, Ce, and Nd. Their uncertainties
are the line-to-line dispersion.
Name Instrumenta [Cu/Fe] [Zn/Fe] [Y/Fe] [Zr/Fe] [Ba/Fe] [Ce/Fe] [Nd/Fe]
HD 115043 H, T -0.10 ± 0.11 -0.06 ± 0.05 0.06 ± 0.05 0.08 ± 0.10 0.29 ± 0.05 0.09 ± 0.04 0.15 ± 0.03
HD 4048 T -0.16 ± 0.12 -0.23 ± 0.08 0.22 ± 0.01 0.20 ± — 0.16 ± 0.17 0.23 ± 0.14 0.17 ± 0.01
V445 And F, T -0.10 ± 0.04 -0.14 ± 0.04 0.14 ± 0.05 -0.14 ± — 0.25 ± 0.05 0.16 ± 0.06 0.12 ± 0.01
HD 8004 T -0.05 ± 0.03 -0.08 ± 0.04 0.12 ± 0.01 -0.06 ± — 0.16 ± 0.01 -0.03 ± 0.13 0.18 ± 0.01
HD 13829 T -0.14 ± 0.01 -0.16 ± 0.07 0.05 ± 0.07 -0.16 ± — 0.16 ± 0.04 -0.05 ± 0.10 0.18 ± 0.01
HD 20367 T -0.05 ± 0.08 -0.04 ± 0.12 0.09 ± 0.05 -0.11 ± — 0.17 ± 0.04 -0.05 ± 0.07 0.21 ± 0.05
γ Lep A H -0.07 ± 0.01 -0.03 ± 0.02 0.10 ± 0.04 -0.06 ± — 0.15 ± 0.06 0.18 ± 0.09 0.25 ± 0.16
γ Lep B H 0.01 ± 0.03 -0.05 ± 0.03 0.03 ± 0.08 0.05 ± — 0.25 ± 0.10 0.30 ± 0.04 0.20 ± 0.01
V1386 Ori H -0.08 ± 0.04 -0.10 ± 0.03 0.20 ± 0.12 -0.01 ± — 0.13 ± 0.08 0.24 ± 0.02 0.22 ± 0.22
HD 51419 T -0.07 ± 0.05 0.09 ± 0.04 -0.18 ± 0.01 -0.27 ± — -0.02 ± 0.04 0.03 ± 0.01 -0.07 ± 0.01
HD 56168 H -0.05 ± 0.04 -0.00 ± 0.08 0.24 ± 0.24 0.00 ± — 0.19 ± 0.07 0.36 ± 0.02 0.24 ± 0.10
DX Lyn H -0.03 ± 0.01 0.01 ± 0.03 0.22 ± 0.13 -0.03 ± — 0.18 ± 0.08 0.23 ± 0.07 0.08 ± 0.09
V869 Mon F, T -0.02 ± 0.09 0.03 ± 0.08 0.28 ± 0.15 -0.07 ± — 0.05 ± 0.05 0.24 ± 0.03 0.30 ± 0.02
HD 64942 F -0.06 ± — -0.23 ± 0.18 -0.01 ± 0.12 0.02 ± — 0.29 ± 0.07 0.26 ± 0.05 0.16 ± 0.06
HD 72659 H 0.03 ± 0.06 0.11 ± 0.04 -0.07 ± 0.02 -0.05 ± — 0.03 ± 0.03 0.04 ± 0.02 -0.01 ± 0.14
II Cnc H -0.09 ± 0.00 -0.06 ± 0.01 0.11 ± 0.03 0.04 ± — 0.20 ± 0.06 0.21 ± 0.05 0.13 ± 0.15
HD 76218 H -0.08 ± 0.05 -0.09 ± 0.01 0.08 ± 0.05 0.04 ± — 0.19 ± 0.08 0.22 ± 0.03 0.20 ± 0.08
HD 81659 H -0.05 ± 0.06 0.00 ± 0.01 -0.00 ± 0.04 -0.14 ± — 0.07 ± 0.03 -0.01 ± 0.05 -0.07 ± 0.12
HD 91148 H -0.04 ± 0.04 -0.02 ± 0.00 0.03 ± 0.03 -0.05 ± — 0.07 ± 0.04 -0.01 ± 0.06 0.04 ± 0.08
HD 91204 H 0.08 ± 0.01 0.06 ± 0.03 -0.06 ± 0.04 0.03 ± — -0.15 ± 0.10 -0.05 ± 0.03 -0.05 ± 0.20
HD 93215 H -0.01 ± 0.08 -0.01 ± 0.06 -0.02 ± 0.01 -0.04 ± — 0.03 ± 0.03 0.01 ± 0.05 -0.01 ± 0.12
HD100310 F -0.05 ± 0.17 0.01 ± 0.02 0.11 ± 0.04 -0.17 ± — 0.14 ± 0.12 0.19 ± 0.04 0.22 ± 0.01
HD104289 H 0.15 ± 0.01 -0.07 ± 0.10 0.15 ± 0.08 -0.05 ± — 0.12 ± 0.04 0.06 ± 0.03 0.08 ± 0.01
DO CVn F -0.07 ± — -0.10 ± — 0.25 ± 0.19 0.05 ± — 0.13 ± 0.09 0.29 ± 0.03 0.19 ± 0.08
NP UMa F -0.08 ± — -0.11 ± — 0.03 ± 0.05 0.14 ± — 0.07 ± 0.09 0.26 ± 0.03 0.28 ± 0.01
HD 116497 H -0.05 ± 0.03 -0.07 ± 0.04 0.07 ± 0.04 -0.01 ± — 0.22 ± 0.02 0.11 ± 0.03 0.05 ± 0.03
HN Boo H, T -0.04 ± 0.09 -0.07 ± 0.05 0.14 ± 0.20 -0.12 ± — 0.01 ± 0.05 0.17 ± 0.06 0.14 ± 0.12
HP Boo F -0.14 ± — -0.11 ± 0.01 0.13 ± 0.01 -0.00 ± — 0.26 ± 0.05 0.09 ± 0.05 0.06 ± 0.04
ξ Boo F, T -0.14 ± 0.02 -0.07 ± 0.04 0.10 ± 0.04 -0.11 ± — 0.30 ± 0.09 0.17 ± 0.04 0.07 ± 0.17
HD 135143 H 0.08 ± 0.07 -0.05 ± 0.01 0.02 ± 0.03 -0.13 ± — 0.06 ± 0.05 0.01 ± 0.05 0.07 ± 0.11
AN CrB F -0.03 ± — 0.12 ± 0.17 0.16 ± 0.13 -0.08 ± — 0.06 ± 0.14 0.33 ± 0.06 0.28 ± 0.01
HD 150706 H, F, T -0.08 ± 0.05 -0.10 ± 0.06 0.08 ± 0.02 0.00 ± — 0.23 ± 0.03 0.10 ± 0.05 0.20 ± 0.07
HD 151044 F -0.05 ± 0.00 -0.10 ± 0.03 0.08 ± 0.01 -0.02 ± — 0.10 ± 0.02 -0.01 ± 0.04 0.06 ± 0.03
HD 153458 H -0.02 ± 0.02 -0.10 ± 0.02 0.02 ± 0.01 0.03 ± — 0.12 ± 0.03 0.07 ± 0.01 0.09 ± 0.14
HD 153637 H, T 0.05 ± 0.08 0.04 ± 0.20 0.01 ± 0.07 -0.18 ± — -0.02 ± 0.07 0.12 ± 0.12 0.13 ± 0.09
HD 162209 H 0.04 ± 0.06 0.00 ± 0.03 -0.04 ± 0.03 -0.05 ± — -0.01 ± 0.04 -0.01 ± 0.01 -0.02 ± 0.01
HD 163183 H, T -0.03 ± 0.01 -0.17 ± 0.05 0.16 ± 0.11 0.11 ± — 0.27 ± 0.03 0.13 ± 0.04 0.12 ± 0.01
HD 167043 H 0.02 ± 0.04 -0.05 ± 0.05 0.00 ± 0.02 -0.04 ± — 0.08 ± 0.04 0.05 ± 0.04 0.18 ± 0.05
HD 167389 T -0.08 ± 0.01 -0.11 ± 0.07 0.09 ± 0.03 -0.18 ± — 0.15 ± 0.03 0.05 ± 0.09 0.14 ± 0.01
HD 181655 H -0.07 ± 0.03 -0.02 ± 0.01 0.07 ± 0.02 0.05 ± — 0.09 ± 0.07 0.14 ± 0.02 0.12 ± 0.04
HD 184385 H -0.08 ± 0.06 0.01 ± 0.05 0.05 ± 0.03 -0.17 ± — 0.11 ± 0.03 0.05 ± 0.04 0.04 ± 0.10
HD 184960 H, F, T -0.07 ± 0.03 -0.15 ± 0.06 0.19 ± 0.07 0.07 ± — 0.16 ± 0.05 0.24 ± 0.09 0.22 ± 0.03
HD 188015 H 0.13 ± 0.03 0.12 ± 0.04 -0.06 ± 0.01 -0.26 ± — -0.10 ± 0.04 -0.05 ± 0.11 -0.20 ± 0.09
HD 216625 T 0.02 ± 0.06 -0.05 ± 0.05 0.13 ± 0.04 -0.01 ± — 0.02 ± 0.13 -0.01 ± 0.01 -0.05 ± 0.01
MT Peg F, T -0.10 ± 0.01 -0.14 ± 0.03 0.13 ± 0.02 -0.02 ± — 0.26 ± 0.04 0.10 ± 0.05 0.16 ± 0.05























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































78 CHAPTER 3. Chemical tagging of the Ursa Major moving group
Table 3.11— Differential abundances (∆[X/H]) with respect to HD 115043 for the s-process elements:
Cu, Zn, Y, Zr, Ba, Ce, and Nd. Their uncertainties are the line-to-line dispersion.
Name Instrumenta ∆[Cu/H] ∆[Zn/H] ∆[Y/H] ∆[Zr/H] ∆[Ba/H] ∆[Ce/H] ∆[Nd/H]
HD 4048 T 0.09 ± 0.12 -0.12 ± 0.08 0.22 ± 0.01 0.34 ± — -0.00 ± 0.17 0.34 ± 0.14 0.29 ± 0.01
V445 And F, T 0.04 ± 0.04 -0.07 ± 0.03 0.05 ± 0.10 -0.10 ± — -0.03 ± 0.03 0.04 ± 0.03 -0.13 ± 0.01
HD 8004 T 0.15 ± 0.03 -0.02 ± 0.04 0.04 ± 0.01 0.03 ± — -0.06 ± 0.01 0.03 ± 0.13 0.10 ± 0.01
HD 13829 T 0.10 ± 0.01 -0.09 ± 0.07 0.04 ± 0.07 -0.06 ± — -0.04 ± 0.04 0.03 ± 0.10 0.04 ± 0.01
HD 20367 T 0.21 ± 0.03 0.10 ± 0.03 0.12 ± 0.08 0.06 ± — 0.03 ± 0.10 0.09 ± 0.04 0.20 ± 0.01
γ Lep A H -0.05 ± 0.03 0.04 ± 0.11 0.04 ± 0.08 -0.10 ± — -0.21 ± 0.04 -0.05 ± 0.02 0.05 ± 0.01
γ Lep B H -0.05 ± 0.12 -0.05 ± 0.07 -0.02 ± 0.07 -0.06 ± — -0.17 ± 0.07 -0.01 ± 0.07 -0.08 ± 0.09
V1386 Ori H 0.12 ± 0.11 -0.01 ± 0.08 0.14 ± 0.17 -0.04 ± — -0.21 ± 0.08 -0.01 ± 0.10 0.03 ± 0.16
HD 51419 T -0.21 ± 0.05 -0.25 ± 0.04 -0.61 ± 0.01 -0.58 ± — -0.63 ± 0.04 -0.31 ± 0.01 -0.72 ± 0.01
HD 56168 H -0.01 ± 0.10 -0.07 ± 0.10 0.09 ± 0.31 -0.17 ± — -0.30 ± 0.06 -0.03 ± 0.09 -0.10 ± 0.04
DX Lyn H 0.13 ± 0.13 0.04 ± 0.06 0.12 ± 0.19 -0.10 ± — -0.21 ± 0.08 -0.03 ± 0.08 -0.16 ± 0.03
V869 Mon F, T 0.14 ± 0.09 0.03 ± 0.08 0.13 ± 0.18 -0.09 ± — -0.29 ± 0.03 0.07 ± 0.05 0.12 ± 0.05
HD 64942 F 0.11 ± — -0.08 ± 0.17 -0.05 ± 0.16 0.10 ± — 0.03 ± 0.01 0.04 ± 0.01 0.00 ± 0.12
HD 72659 H 0.23 ± 0.09 0.19 ± 0.05 -0.09 ± 0.07 -0.05 ± — -0.29 ± 0.03 -0.16 ± 0.07 -0.17 ± 0.07
II Cnc H 0.15 ± 0.13 0.02 ± 0.04 0.05 ± 0.10 0.01 ± — -0.14 ± 0.03 -0.02 ± 0.04 -0.06 ± 0.09
HD 76218 H 0.09 ± 0.12 -0.07 ± 0.03 -0.00 ± 0.12 -0.01 ± — -0.18 ± 0.09 -0.03 ± 0.06 -0.01 ± 0.01
HD 81659 H 0.46 ± 0.17 0.27 ± 0.04 0.14 ± 0.09 0.03 ± — -0.08 ± 0.03 -0.03 ± 0.02 -0.06 ± 0.05
HD 91148 H 0.34 ± 0.15 0.15 ± 0.02 0.09 ± 0.08 0.04 ± — -0.15 ± 0.04 -0.05 ± 0.03 -0.03 ± 0.01
HD 91204 H 0.57 ± 0.14 0.39 ± 0.05 0.13 ± 0.07 0.25 ± — -0.25 ± 0.09 0.04 ± 0.05 0.01 ± 0.14
HD 93215 H 0.50 ± 0.14 0.31 ± 0.09 0.18 ± 0.08 0.18 ± — -0.06 ± 0.03 0.03 ± 0.04 0.05 ± 0.06
HD 100310 F -0.14 ± 0.05 0.01 ± 0.01 -0.07 ± 0.11 -0.24 ± — -0.26 ± 0.05 -0.15 ± 0.07 -0.15 ± 0.01
HD 104289 H 0.18 ± 0.01 0.16 ± 0.05 0.23 ± 0.08 0.06 ± — -0.09 ± 0.04 0.04 ± 0.08 0.09 ± 0.01
DO CVn F 0.01 ± — -0.01 ± — 0.12 ± 0.25 0.04 ± — -0.22 ± 0.03 0.06 ± 0.08 -0.05 ± 0.01
NP UMa F -0.05 ± — -0.07 ± — -0.20 ± 0.09 0.08 ± — -0.31 ± 0.03 -0.06 ± 0.05 -0.08 ± 0.01
HD 116497 H 0.10 ± 0.05 0.13 ± 0.04 0.14 ± 0.08 0.09 ± — 0.01 ± 0.04 0.08 ± 0.06 -0.01 ± 0.04
HN Boo H, T 0.29 ± 0.14 -0.01 ± 0.05 0.06 ± 0.18 -0.09 ± — -0.27 ± 0.04 0.05 ± 0.04 -0.05 ± 0.09
HP Boo F 0.06 ± — 0.06 ± 0.02 0.12 ± 0.07 0.11 ± — 0.04 ± 0.01 -0.10 ± 0.05 -0.06 ± 0.03
ξ Boo F, T -0.12 ± 0.02 -0.15 ± 0.03 -0.11 ± 0.07 -0.20 ± — -0.13 ± 0.06 -0.08 ± 0.05 -0.27 ± 0.14
HD 135143 H 0.27 ± 0.03 0.16 ± 0.02 0.14 ± 0.09 -0.03 ± — -0.16 ± 0.05 -0.02 ± 0.03 0.00 ± 0.05
AN CrB F -0.07 ± — 0.06 ± 0.15 -0.09 ± 0.20 -0.21 ± — -0.40 ± 0.07 -0.08 ± 0.14 -0.08 ± 0.06
HD 150706 H, F, T -0.02 ± 0.05 -0.04 ± 0.04 0.02 ± 0.07 0.01 ± — -0.08 ± 0.02 -0.04 ± 0.08 0.04 ± 0.05
HD 151044 F 0.15 ± 0.00 0.08 ± 0.01 0.07 ± 0.07 0.09 ± — -0.11 ± 0.04 -0.06 ± 0.01 -0.06 ± 0.04
HD 153458 H 0.28 ± 0.10 0.10 ± 0.01 0.14 ± 0.09 0.13 ± — -0.10 ± 0.05 -0.03 ± 0.08 0.03 ± 0.08
HD 153637 H, T -0.11 ± 0.06 -0.16 ± 0.19 -0.28 ± 0.11 -0.42 ± — -0.58 ± 0.06 -0.20 ± 0.13 -0.29 ± 0.06
HD 162209 H 0.39 ± 0.12 0.20 ± 0.02 0.03 ± 0.06 0.05 ± — -0.23 ± 0.03 -0.06 ± 0.12 -0.09 ± 0.06
HD 163183 H, T 0.15 ± 0.01 -0.05 ± 0.04 0.13 ± 0.15 0.16 ± — 0.02 ± 0.02 0.10 ± 0.01 0.03 ± 0.01
HD 167043 H 0.12 ± 0.04 0.11 ± 0.04 0.07 ± 0.09 0.01 ± — -0.17 ± 0.05 0.04 ± 0.08 0.06 ± 0.02
HD 167389 T 0.12 ± 0.01 -0.07 ± 0.07 0.04 ± 0.03 -0.11 ± — -0.08 ± 0.03 0.09 ± 0.09 0.00 ± 0.01
HD 181655 H 0.26 ± 0.13 0.14 ± 0.04 0.10 ± 0.07 0.11 ± — -0.14 ± 0.02 0.00 ± 0.06 0.01 ± 0.03
HD 184385 H 0.25 ± 0.14 0.17 ± 0.08 0.08 ± 0.07 -0.12 ± — -0.16 ± 0.04 -0.03 ± 0.03 -0.08 ± 0.04
HD 184960 H, F, T -0.04 ± 0.10 -0.07 ± 0.04 0.14 ± 0.10 0.10 ± — -0.11 ± 0.06 0.11 ± 0.11 0.05 ± 0.02
HD 188015 H 0.42 ± 0.15 0.46 ± 0.07 0.14 ± 0.08 -0.03 ± — -0.19 ± 0.02 -0.05 ± 0.13 -0.14 ± 0.03
HD 216625 T 0.21 ± 0.06 0.08 ± 0.05 0.15 ± 0.04 0.15 ± — -0.13 ± 0.13 0.12 ± 0.01 -0.04 ± 0.01
MT Peg F, T 0.15 ± 0.01 0.02 ± 0.03 0.14 ± 0.04 0.12 ± — 0.07 ± 0.01 0.09 ± 0.05 0.07 ± 0.02






































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Characterization of FGK stars
Abstract The Gaia-ESO public Spectroscopic Survey begun in 31st December 2011, its objective is to obtain
high quality spectroscopy from Milky Way stars both in the field and in open clusters, down to V = 19 for GIRAFFE,
down to V = 16.5 for UVES. The survey covers all the major components of the Milky Way, trying to uncover the
origin of the different components of the Galaxy. The survey was meant as a complement to the ESA Gaia mission.
The Survey employs the VLT FLAMES instrument (Giraffe and UVES spectrographs). In particular, during this
thesis all the available spectra of FGK stars from UVES have been analysed. In this chapter, we discussed the analysis
of the stellar atmospheric parameters (Teff , log g, [Fe/H], and ξ), and the determination of chemical abundances for
some elements (Li, Na, Mg, Al, Si, Ca, Sc, Ti, V, Cr, Mn, Fe, and Ni) carried out during this thesis, using a similar
method to the one described in Chapters 2 and 3.
4.1 Gaia-ESO Survey
The characterisation of stars plays an important role in several fields of astrophysics,from the detailed study of individual objects to the study of large numbers of stars. It
is of great importance to study and to understand the different components of the Milky
Way structure. For such purpose spectroscopy is a very useful tool usually employed in
observational surveys. There are some surveys that are being conducted now or planned
for the future, for example the Apache Point Observatory Galactic Evolution Experiment
(APOGEE, Ahn et al. 2013), the GALactic Archeology with HERMES (GALAH, Zucker et
al. 2012), the LAMOST Experiment for Galactic Understanding and Exploration (LEGUE,
Deng et al. 2012), the RAdial Velocity Experiment (RAVE, Kordopatis et al. 2013), the
Sloan Extension for Galactic Understanding and Exploration (SEGUE, Aihara et al. 2011),
and the Gaia-ESO Survey1 (GES, Gilmore et al. 2012; Randich & Gilmore 2013).
1http://www.gaia-eso.eu
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GES is an ambitious survey that is currently taking spectra of more than a 100,000
stars. These spectra are taken with the FLAMES (Fiber Large Array Multi-Element Spec-
trograph) multi-fiber facility (Pasquini et al. 2002) at the Very Large Telescope (VLT) at the
Paranal Observatory, Chile. FLAMES is used in combination with GIRAFFE and UVES,
getting medium-resolution for a majority of the stars (R ≈ 20,000), and high-resolution
echelle spectra for around 5000 stars (R ≈ 47,000).
A large and ambitious survey like GES requires a lot of man-power and expertise to
obtain and analyse this huge amount of data. Therefore, it is required that all the data
processing and the later analysis has to be divided in dedicated groups for each task. For
different GES tasks are divided among 15 working groups (WGs, thereafter). The present
chapter comprises the characterisation done for two of these working groups during this the-
sis: WGs 11 and 12. WG11 (UVES FGK-star Spectrum Analyses, coordinators: Rodolfo
Smiljanic and Andreas Korn) takes care of FGK Milky Way field stars and open clusters,
whereas the WG12 (Pre-Main-Sequence star Spectrum Analyses, coordinator: Alessandro
Lanzafame) centres on pre-main sequence (PMS) stars in the field of young clusters. Within
these groups, the work is divided among many nodes that analyse their corresponding UVES
data. Each node uses its own methodology to address the analysis of the different spectra.
The characterisation of FGK stars allows WG11-12 allows to obtain the stellar atmospheric
parameters (Teff , log g, [Fe/H], and ξ) and the abundances of several chemical elements
([X/H]) for each target.
Homogenisation between different nodes is not a trivial task, since every node within
WG11 and WG12 relies on different tools and methodologies. Therefore, a common back-
ground is needed to achieve this difficult task. GES as a whole decided to place strong
constraints that is valid for every single group doing any spectroscopic analysis. These
constraints are meant to eliminate the possible source of inhomogeneities coming from dif-
ferent methodologies and/or tools. These restrictions were: to use the same grid of stellar
atmospheric models, and the same atomic data of selected spectral features within UVES
and GIRAFFE spectral ranges (see Smiljanic et al. 2014).
This Chapter comprises the analysis carried out within the UCM node, we present
here the analysis of 1111 stars out of 1466. These results have contributed to the final
homogenization of the data releases done periodically by GES (see, Smiljanic et al. 2014;
Lanzafame et al. 2014). The subsequent sections describe the GES sample (Sect. 4.2), the
details of how the stellar atmospheric parameters were obtained (Sect. 4.3), the information
regarding the chemical abundance analysis (Sect. 4.4), the viability of Chemical Tagging to
the GES Data, and finally the conclusions and future work (Sect. 4.5).
Also, for this work there are already some GES publications, for which the UCM node
has made an important contribution, below we list them:
- The description of the procedures (methodologies, calibration, homogenization) used
in the WG11:
“Gaia-ESO Survey: The analysis of high-resolution UVES spectra of FGK-type stars”
(Smiljanic et al. 2014).
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- The description of the procedures (methodologies, calibration, homogenization) used
in the WG12:
“The Gaia-ESO Survey: Pre-main sequence stellar parameters analysis” (Lanzafame et al.
2014).
- The detailed documentation of the iron abundance determination of the 34 FGK-type
benchmark stars that are selected to be the pillars for calibration of the one billion Gaia
stars. They cover a wide range of temperatures, surface gravities, and metallicities:
“Gaia FGK benchmark stars: Metallicity” (Jofre et al. 2014).
- The process to select the best spectral lines from a given input line list, which then
allows us to derive accurate stellar parameters with the equivalent width method:
“A new procedure for defining a homogeneous line-list for solar-type stars (Sousa et al. 2014).
- The individual analysis of some young clusters:
“Gaia-ESO Survey: the first abundance determination of the premain-sequence cluster
Gamma Velorum (Spina et al. 2014a).
“The Gaia-ESO Survey: metallicity of the Chameleon I star forming region (Spina et al.
2014b)
4.2 GES sample
The GES sample comprises several types of targets, in particular the UVES sample contains
FGK-type dwarf stars in the solar neighbourhood, as well as clump giants in old (age > 1
Gyr) or intermediate age (0.1 < age < 1 Gyr). The actual sample covers the inner disk and
bulge, K giants in the outer regions of the disc, stars in young clusters, giants in globular
clusters, stars in young clusters and targets from the stars in the COROT fields. All the
analysis presented here covers the first twelve months of observations, Fig. 4.1 shows how
all the UVES stars are distributed along the sky. All the targets were selected in the above
mentioned target fields down to 16.5 mag. in the V band.
Among all these targets there are also some well known stars, called benchmark stars,
that are meant as a test designed for internal calibration and consistency. Additionally,
there are some calibration clusters for the same purpose. All the data were reduced auto-
matically by WG1, the details about the data reduction can be found at Sacco et al. (2014),
providing us with the radial velocity of each target, the rotational velocity, and the signal
to noise of each target, spectroscopic binaries, etc.
4.3 Stellar atmospheric parameters
The spectroscopic analysis of FGK stars to obtain the stellar atmospheric parameters is
done from two methodologies. One of them is usually referred as the synthetic method,
which relies on theoretical synthetic spectra and aims at finding the best match to the
observed spectrum. The other one is the Equivalent Width (EW ) method; it employs
the measured strengths of each spectral line to find also the best possible set of stellar
atmospheric parameters that explain the measured line strengths. The UCM node relies
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Figure 4.1— Distribution of the GES targets among the sky in equatorial coordinates, Right ascension
(RA) vs declination (DEC)
on the EW methodology. This method employs the standard technique based on the iron
ionisation and excitation balance. It takes advantage of the sensitivity of Fe i, ii lines to the
different stellar atmospheric parameters, this method has been exploited in several studies
(see e.g. Ghezzi et al. 2010; Magrini et al. 2010; Mucciarelli et al. 2013; Santos et al. 2004;
Sousa et al. 2008; Tabernero et al. 2012).
4.3.1 The EW method: StePar
The stellar atmospheric parameters are derived (Teff , log g, ξ) and metallicity ([Fe/H]) in
an automated fashion with StePar (see Chapters 2 and 3 corresponding to Tabernero
et al. 2012, 2014). In the standard StePar version, the 2002 version of the MOOG code
(using the abfind driver, see Sneden 1973) and a grid of Kurucz ATLAS9 plane-parallel
model atmospheres (Kurucz 1993) are used to derive the stellar parameters. For the
Gaia-ESO Survey it was needed to modify StePar to also operate with spherical and non-
spherical MARCS model atmospheres (Gustafsson et al. 2008). For that purpose a new
interpolation program2 was developed to have an operative StePar version that accepted
MARCS models. This interpolation subroutine requires a prior knowledge of the desired
model and the grid models around the aimed one. With that in mind StePar was adapted
(by adding a wrapper program) to tell this interpolation program which models it needs to
interpolate between. However, the grid is composed of spherical and non-spherical models.
For lower gravities (log g < 3.5) the spherical grid is used, whereas the non-spherical grid
is used for higher gravities (log g ≥ 3.5).
In GES, a large amount of data needs to be analysed in short time periods. Thus, the
EW determination of the Fe lines has to be carried out automatically. There are some
automatic tools designed to derive EW s of spectral lines of solar-type stars, as for example:
2The Fortran interpolation subroutine for MARCS models can be found at http://marcs.astro.uu.se/
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ARES (Sousa et al. 2007), DAOSPEC (Stetson & Pancino 2008), and TAME (Kang & Lee
2012). To perform the analysis of the GES data the UCM node chose TAME3 code (Kang
& Lee 2012). In spite of the fact that ARES was used in Chapters 2 and 3, TAME is
perhaps a more suitable choice to analyse the GES targets (e.g., low S/N data, metal rich
giants). TAME is a tool that can be run in automated mode or manual mode. The manual
mode has an interface that allows the user certain control over the EW measurements to
verify problematic spectra. A comparison between ARES and TAME has been performed
in CORALIE high-resolution spectra of solar-type stars, showing that both codes give
very similar and consistent results at the level of a few m
◦
A (Mata Sa´nchez et al. 2014).
We followed the approach of Kang & Lee (2012) to adjust the rejt parameter of TAME
according to the S/N of each spectrum. The other TAME parameters (similar to those of
ARES) we employed were smoother = 4 - the recommended parameter for smoothing the
derivatives used for line identification, space = 3 - the wavelength interval (in
◦
A) from each
side of the central line to perform the EW computation, lineresol = 0.07 - the minimum
distance for TAME to resolve lines, and miniline = 2 - mininum EW that will be printed
in the output. Details regarding the TAME parameters can be found in Kang & Lee (2012).
As damping prescription, within GES it is compulsory to use the ABO (Anstee-Barcklem-
O’Mara, see Barklem et al. 1998) data, using the option 0 within MOOG. We verified that
it gives very similar results to option 2 (Unso¨ld approximation, see Chapters 2 and 3) at
the level of a few K for Teff , a few tenths of dex for log g, a few tenths of km s
−1 for ξ, and a
few tenths of dex for [Fe/H]. The atmospheric parameters are inferred from any previously
selected Fe i-Fe ii line list. The process is then iterated until the slopes of χ versus (vs.)
log ǫ(Fe i) and log (EW/λ) vs. log ǫ(Fe i) are zero (excitation equilibrium) and imposing
ionisation equilibrium, such that log ǫ(Fe i) = log ǫ(Fe ii). In this procedure it is ensured
that the [Fe/H] obtained from the iron lines is compatible with the metallicity of the input
atmospheric model. A minimisation algorithm, the Downhill Simplex Method (Press et al.
1992) is used to find the best parameters. The function to minimise is a quadratic form
composed of the excitation and ionisation equilibrium conditions.
The code performs a new simplex optimization until the iron average of the MOOG
output is equal to the abundance of the inputed model. The obtained solution for a given
star is independent of the initial set of parameters employed. To start the process the
canonical solar values are used as initial input values (Teff = 5777 K, log g = 4.44 dex,
ξ = 1 km s−1). StePar will reach the solution even if the problem star is different from
the Sun (as e.g. a metal poor giant). The uncertainties in the stellar parameters are
determined as in Chapters 2 and 3 (Tabernero et al. 2012, 2014).
4.3.2 Selection of Fe i, ii line list
The line list selection process for the EW method, requires a sufficiently large selection of
reliable Fe i, ii lines. In principle, reliable lines are clean spectral lines, namely those that
are not strongly affected by blends with other neighbouring lines and/or features. How-
ever, even if the selected line is clean enough, not all the available atomic data are precise
enough for a trustworthy analysis. The main problem comes from the oscillator strengths
of each spectral line (log gf). Some authors avoid this problem by calibrating this value for
3TAME can be downloaded from http://astro.snu.ac.kr/~wskang/tame/
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Table 4.1— Stellar templates (and their reference stellar parameters from Jofre et al. 2014) used to
generate the line lists employed for the analysis.
Star Line list Teff (K) log g (dex) [Fe/H] (dex)
Sun MRD 5777 ± 1 4.44 ± 0.01 0.03 ± 0.01
HD 22879 MPD 5786 ± 89 4.23 ± 0.03 -0.86 ± 0.01
ξ Hya MRG 5044 ± 38 2.87 ± 0.01 0.16 ± 0.01
Arcturus MPG 4247 ± 37 1.59 ± 0.04 -0.52 ± 0.01
HD 140283 EMPS 5720 ± 120 3.67 ± 0.04 -2.36 ± 0.02
each line (see e.g. Santos et al. 2004; Sousa et al. 2008; Neves et al. 2009). This is usually
achieved by an inverse solar analysis, changing the log gf value for a given line until they
obtain the solar abundance value (these are the called astrophysical log gfs). However, due
to restrictions within GES, the use of lines within a common line list for all nodes with
fixed atomic parameters is mandatory. Additionally every node is free to take any subset
of lines from this line list as long as they do not change the atomic parameters.
The GES line list was extracted from a variety of sources with the aim of looking for
the best atomic parameters available, directly from the Vienna Atomic Line Data-base
(VALD4 Piskunov et al. 1995; Kupka & Ryabchikova 1999; Kupka et al. 2000; Ryabchikova
et al. 1997). However these atomic data are not always very precise, thus they translate
into inadequate abundance values. The line list must be selected within all the lines made
available within GES (around 560 Fe i, ii lines). The objective is to get a trustworthy
selection of lines that allows us to derive precise stellar parameters.
The final line list selection was based on the type star to analyse (see Tables A.1 to A.5).
In this analysis five stars are used as templates to generate different line lists depending
on the star analysed: the Sun, HD 22879, Arcturus, ξ Hya, and HD 140283. These five
stars cover the parameter space, using a line list depending on the object analysed. This
is usually done only with the Sun as benchmark (see e.g. Sousa et al. 2008). However,
within the GES survey, very different stars are expected to be found and this requires a
more general line list definition. Thus, since GES covers stars spread across the Milky Way
(metal-poor dwarfs and giants, solar-type stars, metal rich giants, etc.) the use of a single
line list does not seem to be enough for analysing all the GES stars.
The line list selection provides us a way to analyse each type of star depending on the
value of their stellar parameters. Therefore we decided to divide the parameter space in
five regions, one for each template star. This division is based on the surface gravity and
the metallicity. Regarding the metallicity the parameter space is divided in three regions:
Metal rich ([Fe/H] ≥ -0.30), metal poor (-0.30 < [Fe/H] ≥ -1.50), and extremely metal
poor ([Fe/H] < -1.50). Also, the surface gravity was divided in two regions: giants (log g
< 4.00) and dwarfs (log g ≥ 4.00). These partitions will separate the parameter space into
six different regions: MRD, MPD, MRG, MPG, EMPD, and EMPG. However, we decided
to merge into one single region the extremely metal poor stars (EMPS, [Fe/H] < -1.50).
The analysis is done blindly, i.e. the stellar parameters of a given star are not known
a priori. In order to overcome this issue, every single line on every line list was measured.
4http://www.astro.uu.se/~vald/php/vald.php
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Then, we did a first-pass with StePar to get an estimation. After that we assigned the
stars to each line list depending on the parameters we obtained in the first-pass. Thus,
we re-run StePar with the previously assigned line list to get the final stellar parameters.
Also, to avoid problems with the modelling problems of very intense lines and bad EW
measurements of very weak lines, we used only lines with: 10 m
◦
A < EW < 120 m
◦
A.
4.3.3 Selection of targets to analyse
Since the EW method cannot deal with any given star, some spectra could not be analysed.
StePar needs data with enough quality to be analysed (namely, stars with S/N > 20, see
left panel in Fig. 4.2):
(i) The first problem comes from the double lined spectroscopic binaries, to avoid getting
unreliable parameters we simply removed them from the list of stars to analyse.
(ii) StePar cannot derive at the present moment parameters for high-rotational velocity
stars. Although the EW s are not altered by rotation, the line profiles are affected
(by rotational broadening, not well fitted with a Gaussian profile). Thus, the EW
measurements will be affected as well, given the automatic measurement tool we are
using (it only can measure Gaussian profiles). Also, blends with neighbouring lines
to the one of interest make it nearly impossible to get a reliable EW estimate for a
given line. In these cases we simply do not consider any star with a rotational velocity
higher than 15 km s−1 (see right panel in Fig. 4.2).
(iii) Other factor to take into account is the quality of a given spectrum. If the signal
to noise is low enough it could affect the measurements of the EW s needed for the
analysis. To avoid these objects we place a cut on the signal to noise ratio. Thus, we
eliminated any stars with a S/N < 20 (see left panel in Fig. 4.2).
(iv) Finally, it was necessary to know the radial velocity of the star to shift the spectrum
to the rest frame. Again, we simply remove those stars lacking any radial velocity
information from the list of the stars analysed.
4.3.4 Benchmark stars
Every spectroscopic study will need a reference point to assess the validity of the obtained
results. The Sun is widely employed everywhere in the literature as a common reference.
The use of one star (the Sun) as a central point of reference will not provide any hints on
how a given methodology behaves in different regions of the parameter space.
The Benchmark stars were meant as calibrators to test the different methodologies of
each node participating in the analysis. Ideally, with a common background any set of
methodologies using the same data should converge to the same parameters. However,
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Figure 4.2— Histograms for the signal to noise ratio (S/N) and the rotational velocity (vsin i), the dashed
lines represent the cut in both variables to eliminate fast rotators and low signal to noise spectra.


























every node chose which lines to use in the analysis leading to different but hopefully consis-
tent stellar parameters. In general, these differences will depend basically on the transfer
code, stellar atmospheric models, the methodology employed, and the input data. How-
ever, within GES this dependence is almost reduced to the input data (i.e. measurement
of EW s, signal to noise ratio of a given spectra, local continuum normalisation,...) and the
methodology employed.
These stars were taken from the stellar library in Jofre et al. (2014), being 31 in total.
They cover a wide range in the parameter space that allowed us to test the reliability of
the results given by StePar. The internal consistency of the code was tested by deriv-
ing stellar atmospheric parameters for multiple spectra of the same star (see Table 4.2).
Although different spectra of the same object should in theory result in the same param-
eters, we noticed small differences for each atmospheric parameter. The mean differences
for the benchmark stars result to be: 28 K for Teff , 0.09 dex for log g, and 0.03 dex for [Fe/H].
These internal differences will be mostly affected only by the quality of each individual
spectra. The average uncertainties in the case of the benchmark stars are: 80 K for Teff ,
0.22 dex for log g, and 0.04 dex for [Fe/H]. Furthermore, as it is expected the average uncer-
tainties are greater than the scatter introduced by analysing different spectra for the same
object. Other sources of uncertainty come from systematic effects inherent to a particular
methodology.
We compared our values to reference values in Fig. 4.3. We found differences that are
very likely to be systematic: ∆Teff= -65 ± 92 K, ∆ log g= -0.08 ± 0.23 dex, and ∆[Fe/H]=-
0.03 ± 0.05. Interestingly even if the offsets in effective temperature and surface gravity
are noticeable, the offset on the iron abundance is negligible. This is probably due to the
fact that StePar produces self-consistent stellar parameters. For example, a deviation on
the effective temperature can be compensated by the other parameters. We noticed big
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Table 4.2— Stellar parameters for the benchmark stars. Missing values (StePar could not provide
results for them) are denoted by 9999, 999, and 9.99. σint represents the internal scatter for the different
spectra of each target analysed. Whereas Nspe is the number of spectra for each target.
Star Teff σint log g σint ξ σint [Fe/H] σint Nspe
(K) (K) (dex) (dex) (km s−1) (km s−1) (dex) (dex)
Sun 5764 ± 51 20 4.38 ± 0.12 0.05 0.75 ± 0.09 0.03 0.03 ± 0.04 0.03 3
Arcturus 4320 ± 64 2 1.87 ± 0.28 0.09 1.67 ± 0.06 0.07 -0.49 ± 0.06 0.04 3
Procyon 6745 ± 88 51 4.02 ± 0.14 0.08 1.79 ± 0.07 0.05 0.05 ± 0.06 0.03 8
18 Sco 5830 ± 48 5 4.42 ± 0.12 0.01 0.80 ± 0.08 0.03 0.12 ± 0.04 0.01 9
61 Cyg A 9999 ± 999 999 9.99 ± 9.99 9.99 9.99 ± 9.99 9.99 9.99 ± 9.99 9.99 1
61 Cyg B 9999 ± 999 999 9.99 ± 9.99 9.99 9.99 ± 9.99 9.99 9.99 ± 9.99 9.99 1
α Cen A 5849 ± 65 19 4.34 ± 0.14 0.16 1.13 ± 0.09 0.09 0.20 ± 0.05 0.12 7
α Cet 9999 ± 999 999 9.99 ± 9.99 9.99 9.99 ± 9.99 9.99 9.99 ± 9.99 9.99 3
α Tau 9999 ± 999 999 9.99 ± 9.99 9.99 9.99 ± 9.99 9.99 9.99 ± 9.99 9.99 3
β Ara 9999 ± 999 999 9.99 ± 9.99 9.99 9.99 ± 9.99 9.99 9.99 ± 9.99 9.99 6
β Gem 4896 ± 86 999 2.83 ± 0.28 9.99 1.18 ± 0.08 9.99 0.19 ± 0.06 9.99 1
β Hyi 5883 ± 67 20 3.97 ± 0.14 0.07 0.99 ± 0.08 0.08 -0.04 ± 0.05 0.02 8
β Vir 6232 ± 62 54 4.24 ± 0.13 0.09 1.42 ± 0.07 0.15 0.19 ± 0.05 0.04 22
δ Eri 5003 ± 125 21 3.61 ± 0.33 0.07 0.98 ± 0.15 0.07 0.06 ± 0.08 0.06 10
ǫ Eri 5122 ± 91 999 4.47 ± 0.25 9.99 0.87 ± 0.18 9.99 -0.06 ± 0.05 9.99 1
ǫ For 5034 ± 57 7 3.52 ± 0.18 0.04 0.70 ± 0.10 0.06 -0.59 ± 0.04 0.02 10
ǫ Vir 5131 ± 65 999 2.82 ± 0.21 9.99 1.35 ± 0.06 9.99 0.25 ± 0.05 9.99 2
η Boo 6292 ± 124 26 4.26 ± 0.26 0.10 1.93 ± 0.15 0.35 0.29 ± 0.08 0.12 10
γ Sge 9999 ± 999 999 9.99 ± 9.99 9.99 9.99 ± 9.99 9.99 9.99 ± 9.99 9.99 22
ξ Hya 5066 ± 76 26 2.80 ± 0.24 0.07 1.28 ± 0.07 0.04 0.15 ± 0.06 0.04 10
µ Ara 5817 ± 57 16 4.30 ± 0.14 0.06 0.99 ± 0.08 0.03 0.37 ± 0.05 0.01 7
µ Leo 4516 ± 165 14 2.28 ± 0.57 0.14 1.44 ± 0.12 0.06 0.27 ± 0.12 0.03 9
ψ Phe 9999 ± 999 999 9.99 ± 9.99 9.99 9.99 ± 9.99 9.99 9.99 ± 9.99 9.99 6
τ Cet 5350 ± 115 999 4.40 ± 0.23 9.99 0.68 ± 0.29 9.99 -0.42 ± 0.11 9.99 1
HD 22879 5780 ± 24 10 4.14 ± 0.06 0.02 1.00 ± 0.04 0.03 -0.90 ± 0.02 0.01 11
HD 49933 6803 ± 69 55 4.34 ± 0.11 0.08 1.97 ± 0.10 0.17 -0.43 ± 0.04 0.05 14
HD 84937 6575 ± 99 43 4.76 ± 0.27 0.10 1.94 ± 0.19 0.10 -2.03 ± 0.07 0.03 3
HD 107328 4418 ± 60 28 1.99 ± 0.26 0.12 1.68 ± 0.06 0.06 -0.45 ± 0.05 0.05 14
HD 122563 9999 ± 999 999 9.99 ± 9.99 9.99 9.99 ± 9.99 9.99 9.99 ± 9.99 9.99 14
HD 140283 5828 ± 100 108 4.00 ± 0.30 0.26 1.75 ± 0.16 0.23 -2.42 ± 0.09 0.11 26
HD 220009 4358 ± 56 10 1.99 ± 0.24 0.05 1.46 ± 0.05 0.01 -0.65 ± 0.05 0.02 7
differences for the hottest stars when compared to the reference parameters of Jofre et al.
(2014), that are responsible for the trend in effective temperature in Fig. 4.3. Finally, the
error bars are compatible at 1-σ level with the overall offsets when the StePar parameters
are compared to their reference values, however some of the offsets appear to be systematic,
as e.g., the higher effective temperatures found by StePar at Teff values greater than ≈
6200 K.
4.3.5 Stellar clusters
The analysis of Stellar clusters is a very important part of the GES Survey. It can be
used as another test to verify the validity of the analysis against theoretical isochrones (i.e,
Demarque et al. 2004; Bressan et al. 2012). Among the observed clusters, at the present
moment, include some well known globular clusters meant for calibration purposes: M15,
NGC 104, NGC 1851, NGC 2808, NGC 4372, NGC 4833, and NGC 6752. Additionally,
there are some open clusters observed for the very same purpose, as e.g.: M67, NGC 3532,
NGC 4815, NGC 6705, Trumpler 20,... Furthermore, there are some very young clus-
ters, analysed within the WG12: Chameleon I, γ2 Velorum, ρ Ophiuchi, NGC 2264, and
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Figure 4.3— Comparison between the reference parameters of Jofre et al. (2014) and the StePar. Top
Left panel: Comparison plot of TREF–TStePar vs TStePar. Top Right panel: Comparison plots of log gREF–
log gStePar vs log gStePar (top right) and log gREF–log gStePar vs TStePar (bottom right). Bottom Panel:
[Fe/H]REF–[Fe/H]StePar vs [Fe/H]StePar. In all panels, dashed-dotted lines represent mean difference value
and the standard deviation. Dashed-lines represent the ordinary least squares fit through the points.
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Figure 4.4— log Teff–log g diagram for four representative clusters M 67 (4 Gyr, [Fe/H] = 0.00 dex),
Trumpler 20 (1.5 Gyr, [Fe/H] = 0.17 dex), NGC 4815 (0.6 Gyr, [Fe/H] = 0.14 dex), and NGC 6705 (0.3
Gyr, [Fe/H] = 0.03 dex). The dashed dotted lines represent the isochrone of the age and [Fe/H] content of
each cluster (Y2 isochrones from Demarque et al. 2004).
NGC 2547. These clusters are a fraction of what is going to be observed by GES (Gilmore
et al. 2012; Randich & Gilmore 2013).
As an example we show here the log Teff–log g diagram for four clusters of different
metallicities and ages (see Fig. 4.4): M 67 (4 Gyr, [Fe/H] = 0.00 dex), Trumpler 20 (1.5
Gyr, [Fe/H] = 0.17 dex), NGC 4815 (0.6 Gyr, [Fe/H] = 0.14 dex), and NGC 6705 (0.3
Gyr, [Fe/H] = 0.03 dex). The four clusters cover an age span from young stars to solar-age
stars. The iron abundance of these clusters is solar or roughly supersolar. No attempt to
assign membership to these particular cases has been done. In Fig. 4.4 we simply show that
the results are compatible with their respective isochrones. This example is an important
step to test the reliability of the obtained stellar atmospheric parameters computed with
StePar.
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Figure 4.5— Stellar atmospheric parameter errors against the signal-to-noise ratio. Red points represents
the dwarf stars (log g > 4.0) and the black points are the giant stars (log g < 4.0).
4.3.6 General remarks on stellar parameters
We already discussed some “sanity-checks” related to the Benchmark stars and some rep-
resentative clusters. Some additional checks are needed to test the reliability of the stellar
atmospheric parameters (see Table A.12) to the whole GES sample (benchmarks, clusters,
and field stars). First, we needed to verify how the errors on the stellar atmospheric pa-
rameters behave in relation to the data quality (namely, signal-to-noise). The errors will be
affected by the quality of the spectra, the atomic data and the intrinsic limitations of the
tools used. Usually, the associated uncertainties are dominated by the quality of the data.
However, as the quality of the data gets better, the error saturates down to a constant value
(see e.g., Recio-Blanco et al. 2006). This constant value is the intrinsic error due to the
methodology employed.
Our average uncertainties are 94 K for Teff , 0.27 dex for log g, 0.14 km s
−1 for ξ, and 0.07
dex for [Fe/H]. Although, these errors are quite high when compared to those of Chapters 2
and 3, we note that the GES line list is not a calibrated line list as the one in (Sousa et al.
2008) and (Neves et al. 2009). Also, the signal-to-noise of the GES spectra spans in a wide
range. Thus, as we stated before, the errors will be dominated by the data quality and the
atomic parameters of the line list employed. In Fig. 4.5 we show that the errors tend to a
lower limit as the signal-to-noise raises. Also, we find that the uncertainties are higher for
























Figure 4.6— Histograms representing the stellar parameters (Teff , log g, and [Fe/H]) for all the GES stars
giants than dwarfs. In spite of these differences, both giants and dwarfs have a lower error
limit towards high quality data.
The stellar parameters of the FGK stars of the GES sample analysed here cover all the
range from dwarfs to giants and a large range of metallicites, as we represent in Fig. 4.6.
The distribution of the stars in the parameter space is quite extended. However, the vast
majority of the stars metallicities lie around the solar one. Also, the sample is dominated
by dwarf stars (log g ≈ 4.5 dex) and effective temperatures close to Teff ≈ 5500 K.
Regarding the distribution of stars in log Teff–log g diagram (see Fig. 4.7), we show again
as in Fig. 4.6 that the sample is dominated by nearly solar metallicity stars. Interestingly,
we can see clearly the main sequence and the giant branch. Also, some high-temperature
stars seem to have higher gravities than one would expect, a “problem” already seen in the
benchmark stars.
4.4 Elemental abundances
The selection of the chemical elements that we considered for the GES analysis is the same
that we used for the Fe lines (see Tables A.6 to A.5). We took the 5 templates described
in Sect. 4.3.2 and made a “manual” selection of good lines using TAME in manual mode
(Kang & Lee 2012). A total of 13 elements were analysed: Fe, the α-elements (Mg, Si, Ca,
and Ti), the Fe-peak elements (Cr, Mn, Co, and Ni), and the odd-Z elements (Na, Al, Sc,
and V), see Table A.13.
Once the stellar atmospheric parameters are derived, it is nearly immediate to compute
the elemental abundances. Again, the abundances were calculated using the equivalent
width (EW ) method. The EW s were determined in the same way as the Fe lines using
TAME. Then, we carried out the analysis with the LTE MOOG code (using the abfind
driver, see Sneden 1973) using the MARCS model corresponding to the derived atmo-
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Figure 4.7— log Teff–log g diagram divided according their metallicity ([Fe/H])
spheric parameters. We designed another wrapper program for MOOG, in order to take
care of the elemental abundances automatically (Stellar Abundances, SteAbu). This
wrapper program can deal with missing elements giving a numerical tag to that particular
element in case there are no measurable lines for a particular target. Also, it makes a rejec-
tion of outliers for those lines that deviate more than three of the standard deviation (σ).
Therefore, it allowed us to reject “bad” measurements (e.g., due to a “wrong” continuum
determination) automatically.
The MOOG output gives only abundances in an ”absolute scale” (log ǫ(X), being X
any chemical element) that need to be converted into [X/H], where the solar photospheric
values are the zero point of the scale. There are two approaches to do the conversion, one
option is to employ external values determined by dedicated studies (taken for example
from, Anders & Grevesse 1989; Grevesse & Sauval 1998; Grevesse et al. 2007; Asplund et
al. 2009). Other approach is to take one solar spectrum for the same instrument as the
data. Usually, the solar spectrum is taken from a Moon or an asteroid spectrum (Sousa et
al. 2008; Neves et al. 2009; Gonza´lez Herna´ndez et al. 2010, 2013; Tabernero et al. 2012).
Therefore, this solar spectrum can be used to compute the chemical abundances as any
other star, and then refer the abundance scale to these solar photospheric values. However,
GES do not allow the latter approach, and the solar values must be taken from Grevesse
et al. (2007), whose abundances are those employed to generate the grid of MARCS models.
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Table 4.3— Stellar Parameters for the solar GES spectra.
Spectra 1 2 3 average “Canonical”
Teff (K) 5786 5761 5746 5764 ± 20 5777
log g 4.44 4.35 4.36 4.38 ± 0.05 4.44
ξ (km s−1) 0.75 0.77 0.72 0.75 ± 0.03 1.00
Element log ǫ(X) Grevesse et al. (2007)
Fe 7.48 7.51 7.45 7.48 ± 0.03 7.45
Na 6.20 6.25 6.18 6.21 ± 0.04 6.17
Mg 7.60 7.65 7.40 7.55 ± 0.13 7.53
Al 6.42 6.40 6.36 6.39 ± 0.03 6.37
Si 7.50 7.52 7.48 7.50 ± 0.02 7.51
Ca 6.34 6.37 6.29 6.33 ± 0.04 6.31
Sc 3.11 3.11 3.12 3.11 ± 0.01 3.17
Ti 4.91 4.95 4.90 4.92 ± 0.03 4.90
V 3.92 3.89 3.84 3.88 ± 0.04 4.00
Cr 5.59 5.62 5.56 5.59 ± 0.03 5.64
Mn 5.75 5.78 5.70 5.74 ± 0.04 5.39
Co 4.86 4.89 4.84 4.86 ± 0.03 4.92
Ni 6.18 6.21 6.17 6.19 ± 0.02 6.23
4.4.1 Benchmark stars
The benchmark stars are are selected to be the reference point for the stellar atmospheric
parameters. Also, they might be used as well for the abundances. However, their abun-
dances are not studied as well as their parameters. It is difficult to find detailed individual
abundances for other stars rather than the Sun. As far as we now there is no dedicated
in-depth study of these benchmarks at the present moment, although there is a project that
is actually on-going, joining the people that participated in the paper of Jofre et al. (2014).
The UCM node is involved in that project alongside the other GES nodes. Furthermore,
the five line lists presented in this Chapter are going to be used as a starting point for that
particular project.
The Solar abundances are well studied in previous works (see e.g., Anders & Grevesse
1989; Grevesse & Sauval 1998; Grevesse et al. 2007; Asplund et al. 2009), using different
lines, synthesis codes, atmospheric models, and methodologies. Also, as time goes by the
underlying methods, atmospheric models, and atomic data will be likely improved. As an
example the solar log ǫ(Fe) content can vary significantly through the literature: 7.52 dex
(Anders & Grevesse 1989), 7.54 dex Grevesse & Sauval (1998), 7.45 (Grevesse et al. 2007),
and 7.50 (Asplund et al. 2009). Thus, the different details of each of those previous studies
raise differences due to systematics of their own. In our particular case, the GES data,
there are three solar spectra that are used for internal consistency checks. Table 4.3 shows
nicely that our solar abundances are consistent at the level of a few tenths of dex.
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Figure 4.8— Selected cluster abundances represented as [X/Fe] vs [Fe/H] for some key chemical elements.
Four clusters are plotted: M67 (yellow dot), NGC 4815 (red triangle), NGC 6705 (green star), Trumpler 20
(blue square). Open diamonds represent field stars from the GES data.
4.4.2 Stellar clusters
Stellar clusters are often used as a laboratory to test certain aspects of star formation. One
important issue is the chemical homogeneity of open clusters. First, the abundance of cer-
tain chemical elements remains unchanged as any star evolves (Freeman & Bland-Hawthorn
2002). Second, the chemical content of a group of conatal stars is a unique signature of their
parental gas cloud (Bland-Hawthorn et al. 2010). There are studies of some open clusters
on this topic, such as the Hyades and Collinder 261 (Paulson et al. 2003; De Silva et al.
2006, 2007a, 2009). Also, Gratton et al. (2004) studied the variation of the chemical content
within old clusters, showing that the chemical composition of several elements, for a given
star, is not altered by any external source of pollution. Thus, each cluster can be tagged
according to their chemical composition (e.g., Fux 2001; Freeman & Bland-Hawthorn 2002;
Bland-Hawthorn et al. 2010).
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Figure 4.9— Cluster abundances represented as [X/H] for all the chemical elements. Four clusters are
plotted: M67 (yellow dots), NGC 4815 (red triangles), NGC 6705 (green stars), Trumpler 20 (blue squares)
clusters are an important intermediate step to test the validity of the chemical tagging
approach. We know that the key hypothesis is the chemical homogeinity of a group of cona-
tal stars. However, the abundance measurements are not perfect. Hence, their precision will
depend on the spectrum quality, the precision on the atomic data, the atmospheric models.
The spectrum quality is the only parameter that can be controlled with relative freedom.
As De Silva et al. (2006) pointed out calculations based on the cayrel-formula (Cayrel de
Strobel & Spite 1988), a signal-to-noise of 100 is required to achieve a 0.05 dex precision
(for high-resolution echelle spectra). On the other hand, a typical GES spectrum has a
signal-to-noise about 80. Therefore, it is important to assess if each open cluster has signa-
ture that can be clearly distinguished in order to distinguish an open cluster from any other.
One way to verify if the clusters are distinguishable from one another is nicely shown
Fig. 4.8. It is possible to tell in the [X/Fe] space that the four selected clusters can be
distinguished in some selected chemical elements (Mg, Ca, Si, and Ni). There is an intra-
cluster scatter that can be very high (such as the case of NGC 4815 in Fig. 4.8), however this
can be compensated by looking at several chemical elements at once. In Fig. 4.9 it is shown
that each of the four clusters shown has an abundance pattern that can be distinguished
(though marginally). The internal scatter among these stars can be reduced even more using
a fully differential analysis (see, e.g., Paulson et al. 2003; De Silva et al. 2006; Gonza´lez
Herna´ndez et al. 2010, 2013; Tabernero et al. 2012, 2014). However there are some problems
to overcome before the differential analysis. One big issue is that GES guidelines totally
forbid any differential analysis. However, the GES data comprise several analysis performed
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by several independent groups that rely on a set of common tools. The biases from one
node will be compensated by the others. Thus, in general the average values from several
groups will “smooth” the results up to a certain point. The differential analysis approach
should provide a more accurate way to get any abundance result. However, the restrictions
within the GES Survey and the results from several nodes pose a complicated picture to
the problem at hand. First, GES nodes must provide abundances in an “absolute scale”.
Second, all the nodes use different spectral lines and techniques, any homogenization to get
any reliable differential analysis will have to be explored in a very detailed manner.
4.4.3 Abundance Trends
The abundances derived in this work are represented in Figs. 4.10, 4.11, and 4.12 by [X/Fe]
vs [Fe/H] plots. Elemental abundances are separated in three groups: α-elements (Mg, Si,
Ca, and Ti), the odd-Z elements (Na, Al, Sc, and V), and the Iron-peak elements (Cr, Mn,
Co, and Ni).
All the analysed elements tend to form sequences in the [X/Fe] vs [Fe/H] that has been
observed by other authors. However, for certain elements the giants deviate remarkable from
the general trend (e.g., Na, Si, and Mn). This behaviour has been observed in previous
works (see Chap. 2 or Tabernero et al. 2012, and references therein). Also some outliers
are noticed, however this analysis is fully-automated, and it is not possible to deal with
them on the fly. There can be a bunch of reasons for them (bad measurements), or low
signal-to-noise data. In Smiljanic et al. (2014) they also notice that the scatter between
different methodologies working with the same data can be greater than 0.20 dex. The
whole picture on the analysis of these data can be complex. There are several factors that
can affect the measurements as a whole, and the amount of data to analyse is huge. The
important point here is that it is possible to reproduce the galactic trends in average, then
any possible systematic will be smoothed by the results from different nodes within the
WG 11 node.
4.4.4 Lithium Abundances
Lithium abundances are a special case on their own. Since we know that solar like stars
destroy lithium over time (see Soderblom 2010, and references therein). Lithium is often
used as a “chronometer” to assess the age of the stars, specially young stars.
The UCM node developed a program to derive lithium abundances on the fly. It was
applied to the stars in WG12. Since lithium is a particular case of the elemental abun-
dances we developed a slightly different approach than the one used for the other chemical
elements. We considered three different cases to obtain the EW (Li). We took into account
that the Li i line at 6707.8
◦
A is blended with the Fe i line at 6707.5
◦
A. Thus, we measured
it by hand with splot task within the IRAF package. In the case that these two lines cannot
be separated we measure the combined EW from both lines by integrating the flux of the
Li feature (case 1). On the contrary if they can be separated we use the EW (Li) provided
by the IRAF splot deblending procedure (case 2). Finally, if the Li i is very weak, we fit
the Li feature at 6707.8
◦
A, using the obtained EW (Li) as an upper limit. Only in case the
Fe i line at 6707.5
◦
A cannot be separated from the Fe i line at 6707.8
◦
A, we estimate the
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Figure 4.10— [X/Fe] vs [Fe/H] for the α-elements. Open diamonds respresent the field stars from Reddy
et al. (2006), the meaning of the simbols and colors is described in the upper left legend.
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Figure 4.11— Same as Fig. 4.10 but for the odd-Z elements.
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Figure 4.12— Same as Fig. 4.10 but for the Fe-peak elements.
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Figure 4.13— Teff and [Fe/H] vs A(Li) for the open cluster NGC 6705 (0.3 Gyr).
Fe i EW using the ewfind driver within MOOG code (Sneden 1973) and then subtract it
from the observed EW .
Thus, to determine the Li abundance, A(Li), we simply use the MOOG (Sneden 1973)
abfind driver to directly evaluate the EW (Li). Then we vary each stellar atmospheric
parameter on its uncertainty, to get the individual error on A(Li) caused by each parameter.
Finally, we combine quadratically all these individual errors to get the final uncertainty on
A(Li), except for the upper limits.
This code was applied to the young clusters in the WG12. Particularly, the cluster
NGC 6705 was used as a “laboratory” test. In Fig. 4.13 we plot the Teff vs A(Li) for this
Cluster, we clearly find that A(Li) drops as the temperature gets cooler, Li is depleted at
≈ 4400 K. Whereas in a older cluster, such as the Hyades (0.6 Gyr) Li is totally depleted
at 5100 K (Takeda et al. 2013), as we would expect for an older cluster than NGC 6705.
4.5 Chemical Tagging
The Chemical Tagging technique relies on the abundances of individual stars to assess the
origin of stellar kinematic groups. There are some publications on this subject usually re-
ferred to open clusters or stellar kinematic groups (see, e.g., Paulson et al. 2003; De Silva
et al. 2006, 2007a, 2009, 2011; Pompe´ia et al. 2011; Tabernero et al. 2012, 2014). These
studies are an important keystone for understanding the origin of stellar kinematic groups
and how the galaxy was assembled. The problem is that the samples employed in previous
studies are small (usually about 20-60 stars). Thus, great surveys imply one step further in
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the understanding of stellar kinematics groups within the Gaia-ESO Survey Data5 (Gilmore
et al. 2012; Randich & Gilmore 2013). This survey can be an unprecedented source of ho-
mogeneous chemical abundances. Particularly, it will allow to look for new moving groups
(based on their galactic velocities), or to find new candidates belonging to already known
structures (see e.g., Montes et al. 2001a).
4.6 Summary and Future work
In this chapter we have shown, the spectroscopical analysis of FGK stars carried out within
the UCM node. From a total of 1447 stars we only give parameters for 1111 stars. We
derive elemental abundances for all them (when possible) for 13 different chemical elements
(Li, Na, Mg, Al, Si, Ca, Sc, Ti, Cr, Mn, Fe, Co, and Ni).
We have tested the reliability of the results in a log g vs log Teff diagram, using all
the results at once, and for four different open clusters (M67, NGC 4815, NGC 6705, and
Trumpler 20), demonstrating that they fit within their respective isochrones. Additionally,
we have tested the internal consistency of the results for the benchmark stars, and their
reference values.
The chemical tagging homogeneity hypothesis for conatal stars has been explored in the
case of the four open clusters: M67, NGC 4815, NGC 6705, and Trumpler 20. We have
shown that (tough marginally) these open clusters can be distinguished according to their
chemical composition. We reproduce the trends found in previous studies through the plots






This thesis was developed under the promising opportunity to study the origin of stellar
kinematic groups by employing the chemical tagging technique. For this work we have
made use of high-resolution spectroscopic observations taken at several observing runs at
La Palma during this thesis. Also, additional observations from other collaborators (see
Chapters 2 and 3). The spectra took during the Gaia-ESO Survey (Chapter 4). The results
of this work can be summarized as follows:
1. The chemical analysis of candidate stars to the Hyades SC:
• High-resolution echelle spectra for 61 stars have been taken and analysed. Their
spectral coverage is enough to cover all the spectral features needed for an ade-
quate caracterization.
• An automatic code (StePar) has been developped. This code allows to derive
stellar atmospheric parameters (Teff , log g, ξ, and [Fe/H]) only in a few minutes.
• Chemical abundances (i.e., [X/H], [X/Fe]) for 20 different chemical elements
(Na, Mg, Al, Si, Ca, Ti, V, Cr, Mn, Co, Fe, Ni, Cu, Zn, Y, Zr, Ba, Ce, and
Nd) have been derived using the atomic parameters derived with StePar. This
abundances are refered to the solar values using an asteroid spectrum (Vesta) as
solar reference.
• The automatic code ARES (Sousa et al. 2007) makes it possible to measure
the required EW s for the spectroscopic analysis. In total there were about 500
spectral lines to check per star, they add up to 16500 individual lines that were
succesfully automatically measured.
• Differential abundances (∆[X/H]) with respect to a reference known to belong
to the Hyades cluster (VB 153, see Paulson et al. 2003) have been determined.
• The membership results have been translated into a log g-log Teff diagram for
better diagnostics.
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2. The chemical analysis of candidate stars to the Ursa Major MG:
• High-resolution echelle spectra for 45 stars have been taken and analysed. Spec-
tra taken from three different instruments has been collected and combined. It
has been possible to explore the impact of different instrumental configurations
on the spectroscopic analysis.
• The automatic code StePar (see Chapter 2 and Tabernero et al. 2012) has been
employed to derive stellar atmospheric parameters (Teff , log g, ξ, and [Fe/H]).
• Alternatives methodologies for the determination of the stellar atmospheric pa-
rameters have been applied to the sample stars. A critical comparison against
IRFM effective temperatures and Hipparcos gravities have been explored.
• As in the Hyades SC case, chemical abundances (i.e., [X/H], [X/Fe]) for 20
different chemical elements (Na, Mg, Al, Si, Ca, Ti, V, Cr, Mn, Co, Fe, Ni, Cu,
Zn, Y, Zr, Ba, Ce, and Nd) have been derived using the atmospheric parameters
derived with StePar. Once again, the ARES code has played an important role
in the determination of the EW s needed for this analysis.
• The use of three solar spectra (Vesta and the Moon) has allowed to make a
comparison between different instrumental configurations.
• Differential abundances (∆[X/H]) with respect to a reference known to belong
to the Ursa Major MG (HD 115043, see King et al. 2003) have been determine.
• Using the chemical abundances from the Hyades SC plus the Ursa Major MG, it
has been feasible to establish differences between these groups and the thin disc
stars.
• The membership results have been translated into a log g-log Teff that allowed
to verify the results from the chemical analysis. Also that some discarded stars
are reflected in the U , V , and W diagram as outliers.
3. The spectroscopic analysis carried out within the GES (Gaia-ESO Survey):
• The GES colaboration has taken more than 1400 high-resolution echelle spectra
from UVES. They cover several regions of interest within the Milky Way. The
work in this thesis comprises the tasks in the WG11 (milky way field stars and
stars in old open clusters) and WG12 (PMS and stars in young clusters) groups.
• The automatic code (StePar) has been adapted to comply with the GES guide-
lines (line lists, atomic data, models). This code allows to derive stellar atmo-
spheric parameters (Teff , log g, ξ, and [Fe/H]).
• TAME (Kang & Lee 2012) has replaced ARES as the tool used to measure EW s.
• Chemical abundances (i.e., [X/H], [X/Fe]) for 13 different chemical elements
(Li, Na, Mg, Al, Si, Ca, Ti, V, Cr, Mn, Co, Fe, Ni) have been derived using
the atomic parameters derived with StePar. A new code called StaAbu has
been devolped to diggest the monstruous amount of data in order to derive the
chemical abundances.
5.2. Conclusions 107
• Several internal checks has been made to have clear hints on the internal consis-
tency of the abundances, stellar atmospheric parameters.
• The Benchmark stars have been studied in depth. Internal consistency checks
to verify the internal errors of the stellar parameters and abundances have been
made.
• Some young clusters (up to 1 Gyr) has been used as a test to verify the chemical
tagging hypothesis, and their position relative to theoritecal isochrones.
5.2 Conclusions
The conclusions derived from the present work can be summarized here:
1. Candidate stars to two well known clasical stellar kinematic groups (the Hyades SC
and the Ursa Major MG) have been observed making use of high-resolution echelle
spectroscopy.
2. An unprecedented caracterization of more than one thousand stars has been carried
out within the “Gaia-ESO Survey” (GES). It has been a huge playground to test and
verify how automatic tools can be used to exploit high-resolution spectroscopy data
from big collaborations.
3. TAME and ARES are automatic tools that can be very useful to obtain EW s in an
automated fashion
4. The StePar code has been proven as a useful tool to obtain stellar atmospheric
parameters in an automated fashion. This code has been used to analyse very different
targets. These targets comprise young FGK stars, including solar metallicity stars,
metal poor stars, giants, and pre-main sequence stars.
5. SteAbu is yet another powerful tool used to obtain chemical abundances in an au-
tomatic and painless fashion.
6. The abundance analysis applied to the Hyades SC shows that the final 28 selected
stars are compatible with the Hyades isochrone, as expected if they have evaporated
from the Hyades cluster. The membership percentage that we find in this work (46%)
compared with those of other authors demonstrates the importance of the sample
selection and a detailed chemical analysis.
7. The membership percentage found for the Ursa Major MG (66%) indicates that this
MG is likely to originate from a dispersing cluster. This result was also pointed out
by other studies (such as King et al. 2003; King & Schuler 2005; Ammler-von Eiff &
Guenther 2009, and references therein).
8. It is posible to find members that are originated from a dispersed cluster using the
chemical tagging approach. Particularly, some Hyades SC candidates can be identified
as former members of the Hyades cluster using their chemical composition.
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9. The log g vs. log Teff diagram represented for the Hyades SC and the Ursa Major
MG, is an additional proof to asses the chemical tagging base hypothesis. When
Hipparcos surface gravities are employed, the membership obtained via chemical
tagging agrees with what it is observed in the log g vs. log Teff diagram.
10. The Galactic velocities U , V , and W are not only useful for preselecting candidates
to belong to MGs. When this information is crossed with the chemical tagging infor-
mation some outliers in the velocity space are discarded.
11. Clusters from “the Gaia-ESO Survey” (GES) can be used to test the chemical tagging
approach before digging into the data to look for new moving groups or new members
of already known structures. Also, the benchmark stars from GES can be used to
obtain the internal errors that affect every step that leads to the aimed chemical
abundances.
12. The tools developped during this work has been adapted to comply with “Gaia-ESO
Survey” (GES) prescriptions (atomic data, atmospheric models). Also, these tools
can obtain automatically excelent stellar parameters and elemental abundances, when
compared to other nodes (see Lanzafame et al. 2014; Smiljanic et al. 2014). Also,
they have contributed to some GES publications (see Chapter 6).
5.3 Future work
The present thesis has contributed to the study of stellar kinematic groups, the chemical
tagging approach has been proven to be a very useful tool to hightlight the origin of these
kinematical structures. In order to verify the origin of these groups some powerful tools
have been developed.
StePar is a powerful tool to analyse stars of spectral types from F6 to K4. However,
there are some stars that can not be analysed with this tool. In thefuture it will need to
be expanded to analyse cooler and hotter objects. Also, a working version of StePar that
can include the spectral veiling as an additional parameter to analyse PMS stars. Other
option will be to develop a version that can do spectral synthesis. Thus, it will allow the
analysis of cooler stars than K4, fast rotators (namely, v sin i ≥ 15 km s−1). Another im-
portant improvement will be a working StePar version that can fix one (or more) of the
stellar parameters. For example, if there are no Fe ii lines, the code will simply not work
at all. But, if log g can be fixed by other means (i.e., Hipparcos surface gravities) it will
be possible to obtain Teff , ξ, and [Fe/H].
However, the age variable has been roughly explored in this thesis. A yet more detailed
analysis of different age indicators and chemical homogeneity is in progress and will be
presented in future publications. These different age indicators such as Lithium abundances,
bayesian ages, and activity levels. This analysis will lead to a more consistent means of
confirming a list of candidate members and confirming the results of the chemical tagging
approach.
Some of the future work will comprise other MGs. This groups will come from already
taken observations similar to those taken for the Hyades SC and the Ursa Major MG. Also,
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the “Gaia-ESO Survey” (GES) will provide a new source for new candidates to already
known MGs or new unknown groups.
Finally, this thesis has opened some frontlines to work in the future. The tools developed
here can be reused in various fields, and they are not limited to MGs. Any chemical analysis
regarding FGK stars in particular is at their reach. As an example, StePar has played
an important role in the search of surviving companion to the progenitor of SN1006 in the
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Table A.1: Fe i,ii atomic data (wavelength, element, excitation potencial, and
oscillator strength) for the MRD linelist.
λ (
◦
A) Element χl (eV) log gf
4787.83 Fe i 3.00 -2.557
4788.76 Fe i 3.24 -1.763
4794.35 Fe i 2.42 -3.950
4799.41 Fe i 3.64 -2.130
4802.52 Fe i 4.61 -1.925
4802.88 Fe i 3.64 -1.514
4808.15 Fe i 3.25 -2.690
4809.94 Fe i 3.57 -2.620
4869.46 Fe i 3.55 -2.420
4875.88 Fe i 3.33 -1.920
4892.86 Fe i 4.22 -1.290
4905.13 Fe i 3.93 -1.950
4907.73 Fe i 3.43 -1.840
4924.77 Fe i 2.28 -2.216
4939.69 Fe i 0.86 -3.336
4946.39 Fe i 3.37 -1.170
4950.10 Fe i 3.42 -1.670
4961.91 Fe i 3.63 -2.190
4962.57 Fe i 4.18 -1.182
4966.09 Fe i 3.33 -0.871
4993.68 Fe i 4.21 -1.370
4994.13 Fe i 0.92 -3.058
5002.79 Fe i 3.40 -1.480
5012.69 Fe i 4.28 -1.690
5029.62 Fe i 3.41 -1.950
5044.21 Fe i 2.85 -2.038
5054.64 Fe i 3.64 -1.921
5067.15 Fe i 4.22 -0.970
5090.77 Fe i 4.26 -0.440
5151.91 Fe i 1.01 -3.322
5197.94 Fe i 4.30 -1.540
5198.71 Fe i 2.22 -2.135
5217.39 Fe i 3.21 -1.100
5242.49 Fe i 3.63 -0.967
5243.78 Fe i 4.26 -1.050
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A) Element χl (eV) log gf
5247.05 Fe i 0.09 -4.949
5285.13 Fe i 4.43 -1.540
5288.52 Fe i 3.69 -1.508
5294.55 Fe i 3.64 -2.760
5295.31 Fe i 4.41 -1.590
5307.36 Fe i 1.61 -2.912
5322.04 Fe i 2.28 -2.802
5373.71 Fe i 4.47 -0.760
5379.57 Fe i 3.69 -1.514
5386.33 Fe i 4.15 -1.670
5398.28 Fe i 4.45 -0.630
5400.50 Fe i 4.37 -0.160
5401.27 Fe i 4.32 -1.782
5409.13 Fe i 4.37 -1.200
5417.03 Fe i 4.41 -1.580
5436.29 Fe i 4.39 -1.440
5441.34 Fe i 4.31 -1.630
5461.55 Fe i 4.45 -1.800
5466.40 Fe i 4.37 -0.630
5470.09 Fe i 4.45 -1.710
5472.71 Fe i 4.21 -1.495
5473.90 Fe i 4.15 -0.790
5483.10 Fe i 4.15 -1.406
5522.45 Fe i 4.21 -1.450
5543.94 Fe i 4.22 -1.040
5560.21 Fe i 4.43 -1.090
5618.63 Fe i 4.21 -1.275
5619.60 Fe i 4.39 -1.600
5635.82 Fe i 4.26 -1.790
5636.70 Fe i 3.64 -2.510
5638.26 Fe i 4.22 -0.770
5641.43 Fe i 4.26 -1.080
5649.99 Fe i 5.10 -0.820
5651.47 Fe i 4.47 -1.900
5652.32 Fe i 4.26 -1.850
5653.87 Fe i 4.39 -1.540
5655.18 Fe i 5.06 -0.600
5661.35 Fe i 4.28 -1.756
5662.52 Fe i 4.18 -0.573
5679.02 Fe i 4.65 -0.820
5696.09 Fe i 4.55 -1.720
5701.54 Fe i 2.56 -2.193
5705.46 Fe i 4.30 -1.355
5717.83 Fe i 4.28 -1.030
5720.89 Fe i 4.55 -1.631
5731.76 Fe i 4.26 -1.200
5732.30 Fe i 4.99 -1.460
5741.85 Fe i 4.26 -1.672
5852.22 Fe i 4.55 -1.230
5855.08 Fe i 4.61 -1.478
5883.82 Fe i 3.96 -1.260
5905.67 Fe i 4.65 -0.690
5909.97 Fe i 3.21 -2.587
5916.25 Fe i 2.45 -2.994
5927.79 Fe i 4.65 -0.990
5929.68 Fe i 4.55 -1.310
5930.18 Fe i 4.65 -0.230
5934.65 Fe i 3.93 -1.070
5956.69 Fe i 0.86 -4.599
6003.01 Fe i 3.88 -1.120





A) Element χl (eV) log gf
6027.05 Fe i 4.08 -1.089
6079.01 Fe i 4.65 -1.020
6082.71 Fe i 2.22 -3.576
6093.64 Fe i 4.61 -1.400
6096.66 Fe i 3.98 -1.830
6098.24 Fe i 4.56 -1.859
6127.91 Fe i 4.14 -1.399
6151.62 Fe i 2.18 -3.295
6165.36 Fe i 4.14 -1.473
6170.51 Fe i 4.80 -0.440
6173.33 Fe i 2.22 -2.880
6180.20 Fe i 2.73 -2.591
6187.99 Fe i 3.94 -1.620
6200.31 Fe i 2.61 -2.433
6213.43 Fe i 2.22 -2.481
6219.28 Fe i 2.20 -2.432
6226.73 Fe i 3.88 -2.120
6229.23 Fe i 2.85 -2.805
6230.72 Fe i 2.56 -1.281
6240.65 Fe i 2.22 -3.230
6246.32 Fe i 3.60 -0.779
6252.56 Fe i 2.40 -1.699
6265.13 Fe i 2.18 -2.550
6270.22 Fe i 2.86 -2.470
6311.50 Fe i 2.83 -3.141
6315.81 Fe i 4.08 -1.610
6322.69 Fe i 2.59 -2.430
6335.33 Fe i 2.20 -2.177
6336.82 Fe i 3.69 -0.856
6338.88 Fe i 4.80 -0.960
6380.74 Fe i 4.19 -1.375
6400.32 Fe i 0.92 -4.318
6421.35 Fe i 2.28 -2.012
6430.85 Fe i 2.18 -2.005
6469.19 Fe i 4.84 -0.730
6475.62 Fe i 2.56 -2.941
6481.87 Fe i 2.28 -2.981
6495.74 Fe i 4.84 -0.840
6496.47 Fe i 4.80 -0.530
6498.94 Fe i 0.96 -4.687
6533.93 Fe i 4.56 -1.360
6574.23 Fe i 0.99 -5.004
6592.91 Fe i 2.73 -1.473
6593.87 Fe i 2.43 -2.420
6597.56 Fe i 4.80 -0.970
6608.02 Fe i 2.28 -3.930
6609.11 Fe i 2.56 -2.691
6627.54 Fe i 4.55 -1.580
6633.41 Fe i 4.84 -1.390
6633.75 Fe i 4.56 -0.799
6703.57 Fe i 2.76 -3.060
6710.32 Fe i 1.49 -4.764
6713.74 Fe i 4.80 -1.500
6716.24 Fe i 4.58 -1.836
6750.15 Fe i 2.42 -2.618
6752.71 Fe i 4.64 -1.204
4993.35 Fe ii 2.81 -3.684
5197.57 Fe ii 3.23 -2.220
5234.62 Fe ii 3.22 -2.180
5256.93 Fe ii 2.89 -4.182
5425.25 Fe ii 3.20 -3.220




A) Element χl (eV) log gf
5991.37 Fe ii 3.15 -3.647
6084.10 Fe ii 3.20 -3.881
6149.25 Fe ii 3.89 -2.841
6369.46 Fe ii 2.89 -4.110
6416.92 Fe ii 3.89 -2.877
6432.68 Fe ii 2.89 -3.570
6516.08 Fe ii 2.89 -3.310
Table A.2: Fe i,ii atomic data (wavelength, element, excitation potencial, and
oscillator strength) for the MPD linelist.
λ (
◦
A) Element χl (eV) log gf
4788.76 Fe i 3.24 -1.763
4802.88 Fe i 3.64 -1.514
4875.88 Fe i 3.33 -1.920
4882.14 Fe i 3.42 -1.598
4892.86 Fe i 4.22 -1.290
4907.73 Fe i 3.43 -1.840
4917.23 Fe i 4.19 -1.080
4924.77 Fe i 2.28 -2.216
4939.69 Fe i 0.86 -3.336
4946.39 Fe i 3.37 -1.170
4950.10 Fe i 3.42 -1.670
4962.57 Fe i 4.18 -1.182
4966.09 Fe i 3.33 -0.871
4969.92 Fe i 4.22 -0.710
4985.25 Fe i 3.93 -0.559
4986.22 Fe i 4.22 -1.290
4994.13 Fe i 0.92 -3.058
5002.79 Fe i 3.40 -1.480
5014.94 Fe i 3.94 -0.303
5022.23 Fe i 3.98 -0.560
5044.21 Fe i 2.85 -2.038
5049.82 Fe i 2.28 -1.348
5060.08 Fe i 0.00 -5.431
5067.15 Fe i 4.22 -0.970
5074.75 Fe i 4.22 -0.230
5079.22 Fe i 2.20 -2.068
5079.74 Fe i 0.99 -3.221
5083.34 Fe i 0.96 -2.939
5090.77 Fe i 4.26 -0.440
5107.45 Fe i 0.99 -3.089
5127.36 Fe i 0.92 -3.306
5133.69 Fe i 4.18 0.140
5150.84 Fe i 0.99 -3.008
5151.91 Fe i 1.01 -3.322
5159.06 Fe i 4.28 -0.820
5162.27 Fe i 4.18 0.020
5198.71 Fe i 2.22 -2.135
5217.39 Fe i 3.21 -1.100
5225.53 Fe i 0.11 -4.789
5228.38 Fe i 4.22 -1.190
5229.85 Fe i 3.28 -0.967
5242.49 Fe i 3.63 -0.967
5243.78 Fe i 4.26 -1.050
5247.05 Fe i 0.09 -4.949





A) Element χl (eV) log gf
5250.65 Fe i 2.20 -2.180
5253.46 Fe i 3.28 -1.573
5307.36 Fe i 1.61 -2.912
5373.71 Fe i 4.47 -0.760
5379.57 Fe i 3.69 -1.514
5389.48 Fe i 4.41 -0.410
5398.28 Fe i 4.45 -0.630
5400.50 Fe i 4.37 -0.160
5409.13 Fe i 4.37 -1.200
5424.07 Fe i 4.32 0.520
5445.04 Fe i 4.39 -0.020
5466.40 Fe i 4.37 -0.630
5473.90 Fe i 4.15 -0.790
5501.46 Fe i 0.96 -3.046
5506.78 Fe i 0.99 -2.795
5522.45 Fe i 4.21 -1.450
5543.15 Fe i 3.69 -1.470
5543.94 Fe i 4.22 -1.040
5546.51 Fe i 4.37 -1.210
5554.89 Fe i 4.55 -0.440
5560.21 Fe i 4.43 -1.090
5576.09 Fe i 3.43 -0.900
5618.63 Fe i 4.21 -1.275
5633.95 Fe i 4.99 -0.230
5638.26 Fe i 4.22 -0.770
5641.43 Fe i 4.26 -1.080
5662.52 Fe i 4.18 -0.573
5679.02 Fe i 4.65 -0.820
5691.50 Fe i 4.30 -1.420
5701.54 Fe i 2.56 -2.193
5717.83 Fe i 4.28 -1.030
5731.76 Fe i 4.26 -1.200
5883.82 Fe i 3.96 -1.260
5905.67 Fe i 4.65 -0.690
5930.18 Fe i 4.65 -0.230
5934.65 Fe i 3.93 -1.070
5956.69 Fe i 0.86 -4.599
6003.01 Fe i 3.88 -1.120
6024.06 Fe i 4.55 -0.120
6027.05 Fe i 4.08 -1.089
6056.00 Fe i 4.73 -0.460
6065.48 Fe i 2.61 -1.529
6079.01 Fe i 4.65 -1.020
6127.91 Fe i 4.14 -1.399
6136.62 Fe i 2.45 -1.402
6136.99 Fe i 2.20 -2.950
6137.69 Fe i 2.59 -1.402
6151.62 Fe i 2.18 -3.295
6165.36 Fe i 4.14 -1.473
6170.51 Fe i 4.80 -0.440
6173.33 Fe i 2.22 -2.880
6191.56 Fe i 2.43 -1.416
6200.31 Fe i 2.61 -2.433
6213.43 Fe i 2.22 -2.481
6219.28 Fe i 2.20 -2.432
6230.72 Fe i 2.56 -1.281
6240.65 Fe i 2.22 -3.230
6246.32 Fe i 3.60 -0.779
6252.56 Fe i 2.40 -1.699
6265.13 Fe i 2.18 -2.550
6280.62 Fe i 0.86 -4.390




A) Element χl (eV) log gf
6297.79 Fe i 2.22 -2.737
6301.50 Fe i 3.65 -0.718
6322.69 Fe i 2.59 -2.430
6335.33 Fe i 2.20 -2.177
6336.82 Fe i 3.69 -0.856
6344.15 Fe i 2.43 -2.919
6355.03 Fe i 2.85 -2.340
6393.60 Fe i 2.43 -1.452
6400.32 Fe i 0.92 -4.318
6411.65 Fe i 3.65 -0.634
6421.35 Fe i 2.28 -2.012
6430.85 Fe i 2.18 -2.005
6469.19 Fe i 4.84 -0.730
6475.62 Fe i 2.56 -2.941
6481.87 Fe i 2.28 -2.981
6494.98 Fe i 2.40 -1.268
6496.47 Fe i 4.80 -0.530
6533.93 Fe i 4.56 -1.360
6546.24 Fe i 2.76 -1.536
6592.91 Fe i 2.73 -1.473
6593.87 Fe i 2.43 -2.420
6609.11 Fe i 2.56 -2.691
6750.15 Fe i 2.42 -2.618
4993.35 Fe ii 2.81 -3.684
5197.57 Fe ii 3.23 -2.220
5234.62 Fe ii 3.22 -2.180
5264.80 Fe ii 3.23 -3.130
5284.10 Fe ii 2.89 -3.195
5325.55 Fe ii 3.22 -3.160
5425.25 Fe ii 3.20 -3.220
5534.84 Fe ii 3.24 -2.865
6238.39 Fe ii 3.89 -2.600
6247.56 Fe ii 3.89 -2.435
6432.68 Fe ii 2.89 -3.570
6456.38 Fe ii 3.90 -2.185
6516.08 Fe ii 2.89 -3.310
Table A.3: Fe i,ii atomic data (wavelength, element, excitation potencial, and
oscillator strength) for the MRG linelist.
λ (
◦
A) Element χl (eV) log gf
4793.96 Fe i 3.05 -3.430
4794.35 Fe i 2.42 -3.950
4799.41 Fe i 3.64 -2.130
4802.52 Fe i 4.61 -1.925
4802.88 Fe i 3.64 -1.514
4808.15 Fe i 3.25 -2.690
4869.46 Fe i 3.55 -2.420
4877.60 Fe i 3.00 -3.050
4882.14 Fe i 3.42 -1.598
4892.86 Fe i 4.22 -1.290
4903.31 Fe i 2.88 -0.926
4946.39 Fe i 3.37 -1.170
4962.57 Fe i 4.18 -1.182
4992.79 Fe i 4.26 -2.350
4994.13 Fe i 0.92 -3.058





A) Element χl (eV) log gf
5012.69 Fe i 4.28 -1.690
5014.94 Fe i 3.94 -0.303
5022.23 Fe i 3.98 -0.560
5023.19 Fe i 4.28 -1.500
5044.21 Fe i 2.85 -2.038
5048.44 Fe i 3.96 -1.029
5049.82 Fe i 2.28 -1.348
5068.77 Fe i 2.94 -1.041
5074.75 Fe i 4.22 -0.230
5083.34 Fe i 0.96 -2.939
5104.44 Fe i 4.28 -1.590
5109.65 Fe i 4.30 -0.980
5133.69 Fe i 4.18 0.140
5141.74 Fe i 2.42 -1.978
5143.72 Fe i 2.20 -3.690
5150.84 Fe i 0.99 -3.008
5197.94 Fe i 4.30 -1.540
5198.71 Fe i 2.22 -2.135
5213.81 Fe i 3.94 -2.760
5215.18 Fe i 3.27 -0.871
5216.27 Fe i 1.61 -2.082
5217.39 Fe i 3.21 -1.100
5242.49 Fe i 3.63 -0.967
5243.78 Fe i 4.26 -1.050
5253.46 Fe i 3.28 -1.573
5285.13 Fe i 4.43 -1.540
5293.96 Fe i 4.14 -1.770
5294.55 Fe i 3.64 -2.760
5295.31 Fe i 4.41 -1.590
5364.87 Fe i 4.45 0.228
5379.57 Fe i 3.69 -1.514
5386.33 Fe i 4.15 -1.670
5389.48 Fe i 4.41 -0.410
5397.62 Fe i 3.63 -2.528
5398.28 Fe i 4.45 -0.630
5401.27 Fe i 4.32 -1.782
5417.03 Fe i 4.41 -1.580
5436.29 Fe i 4.39 -1.440
5436.59 Fe i 2.28 -2.964
5441.34 Fe i 4.31 -1.630
5445.04 Fe i 4.39 -0.020
5460.87 Fe i 3.07 -3.426
5461.55 Fe i 4.45 -1.800
5463.27 Fe i 4.43 0.070
5464.28 Fe i 4.14 -1.402
5470.09 Fe i 4.45 -1.710
5543.94 Fe i 4.22 -1.040
5549.95 Fe i 3.69 -2.810
5560.21 Fe i 4.43 -1.090
5576.09 Fe i 3.43 -0.900
5618.63 Fe i 4.21 -1.275
5636.70 Fe i 3.64 -2.510
5679.02 Fe i 4.65 -0.820
5717.83 Fe i 4.28 -1.030
5720.89 Fe i 4.55 -1.631
5759.26 Fe i 4.65 -2.216
5778.45 Fe i 2.59 -3.430
5784.66 Fe i 3.40 -2.532
5844.92 Fe i 4.15 -3.054
5852.22 Fe i 4.55 -1.230
5853.15 Fe i 1.49 -5.180




A) Element χl (eV) log gf
5855.08 Fe i 4.61 -1.478
5856.09 Fe i 4.29 -1.327
5858.78 Fe i 4.22 -2.160
5861.11 Fe i 4.28 -2.304
5905.67 Fe i 4.65 -0.690
5909.97 Fe i 3.21 -2.587
5916.25 Fe i 2.45 -2.994
5927.79 Fe i 4.65 -0.990
5929.68 Fe i 4.55 -1.310
5930.18 Fe i 4.65 -0.230
5956.69 Fe i 0.86 -4.599
6003.01 Fe i 3.88 -1.120
6027.05 Fe i 4.08 -1.089
6065.48 Fe i 2.61 -1.529
6079.01 Fe i 4.65 -1.020
6082.71 Fe i 2.22 -3.576
6093.64 Fe i 4.61 -1.400
6098.24 Fe i 4.56 -1.859
6120.25 Fe i 0.92 -5.970
6173.33 Fe i 2.22 -2.880
6187.99 Fe i 3.94 -1.620
6229.23 Fe i 2.85 -2.805
6240.65 Fe i 2.22 -3.230
6246.32 Fe i 3.60 -0.779
6252.56 Fe i 2.40 -1.699
6265.13 Fe i 2.18 -2.550
6270.22 Fe i 2.86 -2.470
6271.28 Fe i 3.33 -2.703
6301.50 Fe i 3.65 -0.718
6322.69 Fe i 2.59 -2.430
6335.33 Fe i 2.20 -2.177
6336.82 Fe i 3.69 -0.856
6393.60 Fe i 2.43 -1.452
6533.93 Fe i 4.56 -1.360
6546.24 Fe i 2.76 -1.536
6591.31 Fe i 4.59 -2.081
6703.57 Fe i 2.76 -3.060
6713.74 Fe i 4.80 -1.500
6725.36 Fe i 4.10 -2.013
6750.15 Fe i 2.42 -2.618
4993.35 Fe ii 2.81 -3.684
5197.57 Fe ii 3.23 -2.220
5234.62 Fe ii 3.22 -2.180
5256.93 Fe ii 2.89 -4.182
5414.07 Fe ii 3.22 -3.580
5425.25 Fe ii 3.20 -3.220
6084.10 Fe ii 3.20 -3.881
6149.25 Fe ii 3.89 -2.841
6238.39 Fe ii 3.89 -2.600
6432.68 Fe ii 2.89 -3.570
6456.38 Fe ii 3.90 -2.185
Table A.4: Fe i,ii atomic data (wavelength, element, excitation potencial, and
oscillator strength) for the MPG linelist.
λ (
◦
A) Element χl (eV) log gf





A) Element χl (eV) log gf
4802.52 Fe i 4.61 -1.925
4802.88 Fe i 3.64 -1.514
4809.94 Fe i 3.57 -2.620
4869.46 Fe i 3.55 -2.420
4877.60 Fe i 3.00 -3.050
4892.86 Fe i 4.22 -1.290
4939.69 Fe i 0.86 -3.336
4946.39 Fe i 3.37 -1.170
4994.13 Fe i 0.92 -3.058
5002.79 Fe i 3.40 -1.480
5014.94 Fe i 3.94 -0.303
5031.91 Fe i 4.37 -1.570
5054.64 Fe i 3.64 -1.921
5088.15 Fe i 4.15 -1.680
5141.74 Fe i 2.42 -1.978
5217.39 Fe i 3.21 -1.100
5242.49 Fe i 3.63 -0.967
5243.78 Fe i 4.26 -1.050
5285.13 Fe i 4.43 -1.540
5288.52 Fe i 3.69 -1.508
5293.96 Fe i 4.14 -1.770
5295.31 Fe i 4.41 -1.590
5307.36 Fe i 1.61 -2.912
5321.11 Fe i 4.43 -1.089
5322.04 Fe i 2.28 -2.802
5339.93 Fe i 3.27 -0.667
5364.87 Fe i 4.45 0.228
5379.57 Fe i 3.69 -1.514
5386.33 Fe i 4.15 -1.670
5436.29 Fe i 4.39 -1.440
5441.34 Fe i 4.31 -1.630
5445.04 Fe i 4.39 -0.020
5460.87 Fe i 3.07 -3.426
5463.27 Fe i 4.43 0.070
5466.40 Fe i 4.37 -0.630
5483.10 Fe i 4.15 -1.406
5536.58 Fe i 2.83 -3.710
5539.28 Fe i 3.64 -2.560
5543.94 Fe i 4.22 -1.040
5572.84 Fe i 3.40 -0.275
5576.09 Fe i 3.43 -0.900
5618.63 Fe i 4.21 -1.275
5619.60 Fe i 4.39 -1.600
5649.99 Fe i 5.10 -0.820
5653.87 Fe i 4.39 -1.540
5655.18 Fe i 5.06 -0.600
5661.35 Fe i 4.28 -1.756
5662.52 Fe i 4.18 -0.573
5679.02 Fe i 4.65 -0.820
5717.83 Fe i 4.28 -1.030
5720.89 Fe i 4.55 -1.631
5731.76 Fe i 4.26 -1.200
5849.68 Fe i 3.69 -2.890
5853.15 Fe i 1.49 -5.180
5861.11 Fe i 4.28 -2.304
5883.82 Fe i 3.96 -1.260
5902.47 Fe i 4.59 -1.710
5905.67 Fe i 4.65 -0.690
5909.97 Fe i 3.21 -2.587
5916.25 Fe i 2.45 -2.994
5934.65 Fe i 3.93 -1.070




A) Element χl (eV) log gf
5940.99 Fe i 4.18 -2.050
5952.72 Fe i 3.98 -1.340
5956.69 Fe i 0.86 -4.599
6003.01 Fe i 3.88 -1.120
6012.21 Fe i 2.22 -4.038
6019.37 Fe i 3.57 -3.310
6024.06 Fe i 4.55 -0.120
6027.05 Fe i 4.08 -1.089
6079.01 Fe i 4.65 -1.020
6082.71 Fe i 2.22 -3.576
6093.64 Fe i 4.61 -1.400
6094.37 Fe i 4.65 -1.840
6096.66 Fe i 3.98 -1.830
6098.24 Fe i 4.56 -1.859
6120.25 Fe i 0.92 -5.970
6127.91 Fe i 4.14 -1.399
6151.62 Fe i 2.18 -3.295
6165.36 Fe i 4.14 -1.473
6173.33 Fe i 2.22 -2.880
6187.99 Fe i 3.94 -1.620
6199.51 Fe i 2.56 -4.430
6200.31 Fe i 2.61 -2.433
6213.43 Fe i 2.22 -2.481
6219.28 Fe i 2.20 -2.432
6220.78 Fe i 3.88 -2.058
6229.23 Fe i 2.85 -2.805
6240.65 Fe i 2.22 -3.230
6252.56 Fe i 2.40 -1.699
6265.13 Fe i 2.18 -2.550
6270.22 Fe i 2.86 -2.470
6271.28 Fe i 3.33 -2.703
6290.54 Fe i 2.59 -4.330
6297.79 Fe i 2.22 -2.737
6301.50 Fe i 3.65 -0.718
6311.50 Fe i 2.83 -3.141
6315.81 Fe i 4.08 -1.610
6322.69 Fe i 2.59 -2.430
6335.33 Fe i 2.20 -2.177
6336.82 Fe i 3.69 -0.856
6380.74 Fe i 4.19 -1.375
6481.87 Fe i 2.28 -2.981
6496.47 Fe i 4.80 -0.530
6498.94 Fe i 0.96 -4.687
6518.37 Fe i 2.83 -2.438
6533.93 Fe i 4.56 -1.360
6546.24 Fe i 2.76 -1.536
6581.21 Fe i 1.49 -4.679
6591.31 Fe i 4.59 -2.081
6592.91 Fe i 2.73 -1.473
6593.87 Fe i 2.43 -2.420
6597.56 Fe i 4.80 -0.970
6608.02 Fe i 2.28 -3.930
6609.11 Fe i 2.56 -2.691
6648.08 Fe i 1.01 -5.918
6725.36 Fe i 4.10 -2.013
6750.15 Fe i 2.42 -2.618
5234.62 Fe ii 3.22 -2.180
5325.55 Fe ii 3.22 -3.160
5425.25 Fe ii 3.20 -3.220
6149.25 Fe ii 3.89 -2.841





A) Element χl (eV) log gf
6456.38 Fe ii 3.90 -2.185
Table A.5: Fe i,ii atomic data (wavelength, element, excitation potencial, and
oscillator strength) for the EMPS linelist.
λ (
◦
A) Element χl (eV) log gf
4903.31 Fe i 2.88 -0.926
4966.09 Fe i 3.33 -0.871
4994.13 Fe i 0.92 -3.058
5049.82 Fe i 2.28 -1.348
5068.77 Fe i 2.94 -1.041
5074.75 Fe i 4.22 -0.230
5083.34 Fe i 0.96 -2.939
5127.36 Fe i 0.92 -3.306
5133.69 Fe i 4.18 0.140
5162.27 Fe i 4.18 0.020
5171.60 Fe i 1.49 -1.721
5194.94 Fe i 1.56 -2.021
5216.27 Fe i 1.61 -2.082
5269.54 Fe i 0.86 -1.324
5339.93 Fe i 3.27 -0.667
5397.13 Fe i 0.92 -1.991
5405.77 Fe i 0.99 -1.849
5424.07 Fe i 4.32 0.520
5429.70 Fe i 0.96 -1.879
5434.52 Fe i 1.01 -2.121
5455.61 Fe i 1.01 -2.093
5501.46 Fe i 0.96 -3.046
5506.78 Fe i 0.99 -2.795
6136.62 Fe i 2.45 -1.402
6137.69 Fe i 2.59 -1.402
6191.56 Fe i 2.43 -1.416
6230.72 Fe i 2.56 -1.281
6252.56 Fe i 2.40 -1.699
6430.85 Fe i 2.18 -2.005
6494.98 Fe i 2.40 -1.268
4923.92 Fe ii 2.89 -1.260
5018.44 Fe ii 2.89 -1.100
5234.62 Fe ii 3.22 -2.180
Table A.6: Na i to Ni i atomic data (wavelength, element, excitation potencial,
and oscillator strength) for the MRD linelist.
λ (
◦
A) Element χl (eV) log gf
5682.63 Na i 2.10 -0.706
5688.21 Na i 2.10 -0.404
6154.23 Na i 2.10 -1.547
6160.75 Na i 2.10 -1.246
5711.09 Mg i 4.35 -1.724
6318.72 Mg i 5.11 -2.103
5557.06 Al i 3.14 -2.104




A) Element χl (eV) log gf
6696.02 Al i 3.14 -1.569
6698.67 Al i 3.14 -1.870
5517.53 Si i 5.08 -2.611
5645.61 Si i 4.93 -2.043
5665.56 Si i 4.92 -1.940
5684.48 Si i 4.95 -1.553
5690.42 Si i 4.93 -1.773
5701.10 Si i 4.93 -1.953
5708.40 Si i 4.95 -1.370
5747.67 Si i 5.61 -1.543
5948.54 Si i 5.08 -1.130
6125.02 Si i 5.61 -1.464
6131.57 Si i 5.62 -1.556
6131.85 Si i 5.62 -1.615
6142.48 Si i 5.62 -1.295
6145.02 Si i 5.62 -1.310
6155.13 Si i 5.62 -0.754
6195.43 Si i 5.87 -1.490
6237.32 Si i 5.61 -0.975
6244.47 Si i 5.62 -1.093
6299.60 Si i 5.98 -1.116
6414.98 Si i 5.87 -1.035
6721.85 Si i 5.86 -1.062
6741.63 Si i 5.98 -1.653
6371.37 Si ii 8.12 -0.044
5261.70 Ca i 2.52 -0.579
5349.46 Ca i 2.71 -0.310
5512.98 Ca i 2.93 -0.464
5581.96 Ca i 2.52 -0.555
5590.11 Ca i 2.52 -0.571
5594.46 Ca i 2.52 0.097
5857.45 Ca i 2.93 0.240
5867.56 Ca i 2.93 -1.570
6166.44 Ca i 2.52 -1.142
6169.04 Ca i 2.52 -0.797
6169.56 Ca i 2.53 -0.478
6439.08 Ca i 2.53 0.390
6471.66 Ca i 2.53 -0.686
6493.78 Ca i 2.52 -0.109
6499.65 Ca i 2.52 -0.818
6508.85 Ca i 2.53 -2.408
6572.78 Ca i 0.00 -4.240
6717.68 Ca i 2.71 -0.524
5671.82 Sc i 1.45 0.495
5239.81 Sc ii 1.46 -0.765
5318.35 Sc ii 1.36 -2.015
5641.00 Sc ii 1.50 -1.131
5657.90 Sc ii 1.51 -0.603
5667.15 Sc ii 1.50 -1.309
5669.04 Sc ii 1.50 -1.200
5684.20 Sc ii 1.51 -1.074
6245.64 Sc ii 1.51 -1.022
6604.60 Sc ii 1.36 -1.309
4820.41 Ti i 1.50 -0.380
4913.61 Ti i 1.87 0.220
4978.19 Ti i 1.97 -0.303
4999.50 Ti i 0.83 0.320
5016.16 Ti i 0.85 -0.480
5022.87 Ti i 0.83 -0.330
5024.84 Ti i 0.82 -0.530





A) Element χl (eV) log gf
5219.70 Ti i 0.02 -2.220
5689.46 Ti i 2.30 -0.360
5866.45 Ti i 1.07 -0.790
5918.54 Ti i 1.07 -1.640
5922.11 Ti i 1.05 -1.380
5978.54 Ti i 1.87 -0.440
6091.17 Ti i 2.27 -0.320
6126.22 Ti i 1.07 -1.368
6258.10 Ti i 1.44 -0.390
6261.10 Ti i 1.43 -0.530
4779.98 Ti ii 2.05 -1.248
5211.53 Ti ii 2.59 -1.410
5336.77 Ti ii 1.58 -1.600
5381.02 Ti ii 1.57 -1.970
5418.75 Ti ii 1.58 -2.130
6491.57 Ti ii 2.06 -1.942
5670.85 V i 1.08 -0.420
5698.52 V i 1.06 -0.111
5703.58 V i 1.05 -0.211
5727.05 V i 1.08 -0.012
5727.65 V i 1.05 -0.870
5737.06 V i 1.06 -0.740
6039.72 V i 1.06 -0.650
6090.21 V i 1.08 -0.062
6111.65 V i 1.04 -0.715
6119.52 V i 1.06 -0.320
6135.36 V i 1.05 -0.746
6150.16 V i 0.30 -1.290
6199.20 V i 0.29 -1.300
6243.10 V i 0.30 -0.980
6251.83 V i 0.29 -1.340
6285.15 V i 0.28 -1.510
6292.83 V i 0.29 -1.470
4789.33 Cr i 2.54 -0.330
4801.02 Cr i 3.12 -0.131
5200.17 Cr i 3.38 -0.580
5238.96 Cr i 2.71 -1.270
5296.69 Cr i 0.98 -1.360
5298.02 Cr i 2.90 0.099
5298.27 Cr i 0.98 -1.140
5300.75 Cr i 0.98 -2.000
5304.18 Cr i 3.46 -0.670
5348.31 Cr i 1.00 -1.210
5702.31 Cr i 3.45 -0.670
6330.09 Cr i 0.94 -2.787
4812.34 Cr ii 3.86 -1.977
5237.33 Cr ii 4.07 -1.144
5305.85 Cr ii 3.83 -2.363
5313.56 Cr ii 4.07 -1.526
5334.87 Cr ii 4.07 -1.611
6013.51 Mn i 3.07 -0.354
6016.67 Mn i 3.07 -0.181
6021.82 Mn i 3.08 -0.054
4792.85 Co i 3.25 0.001
4813.48 Co i 3.22 0.120
5212.69 Co i 3.51 -0.110
5301.04 Co i 1.71 -1.940
5331.45 Co i 1.78 -1.990
5352.04 Co i 3.58 0.060
5483.35 Co i 1.71 -1.410
5647.23 Co i 2.28 -1.560




A) Element χl (eV) log gf
6454.99 Co i 3.63 -0.250
6771.03 Co i 1.88 -1.970
4811.98 Ni i 3.66 -1.450
4904.41 Ni i 3.54 -0.016
4913.97 Ni i 3.74 -0.500
4935.83 Ni i 3.94 -0.213
4946.03 Ni i 3.80 -1.151
4953.20 Ni i 3.74 -0.580
5032.73 Ni i 3.90 -1.398
5082.34 Ni i 3.66 -0.439
5197.16 Ni i 3.90 -1.291
5435.86 Ni i 1.99 -2.600
5578.72 Ni i 1.68 -2.640
5593.73 Ni i 3.90 -0.682
5641.88 Ni i 4.11 -1.046
5694.98 Ni i 4.09 -0.467
5748.35 Ni i 1.68 -3.242
5846.99 Ni i 1.68 -3.210
6086.28 Ni i 4.27 -0.410
6108.12 Ni i 1.68 -2.440
6111.07 Ni i 4.09 -0.865
6175.37 Ni i 4.09 -0.389
6176.81 Ni i 4.09 -0.260
6186.71 Ni i 4.11 -0.880
6204.60 Ni i 4.09 -1.100
6223.98 Ni i 4.11 -0.910
6322.17 Ni i 4.15 -1.115
6327.60 Ni i 1.68 -3.150
6482.80 Ni i 1.93 -2.630
6586.31 Ni i 1.95 -2.746
6598.60 Ni i 4.24 -0.821
6635.12 Ni i 4.42 -0.765
6643.63 Ni i 1.68 -2.300
6767.77 Ni i 1.83 -2.170
6772.31 Ni i 3.66 -0.797
Table A.7: Na i to Ni i atomic data (wavelength, element, excitation potencial,
and oscillator strength) for the MPD linelist.
λ (
◦
A) Element χl (eV) log gf
4982.81 Na i 2.10 -0.916
5682.63 Na i 2.10 -0.706
5688.21 Na i 2.10 -0.404
6154.23 Na i 2.10 -1.547
6160.75 Na i 2.10 -1.246
5711.09 Mg i 4.35 -1.724
6318.72 Mg i 5.11 -2.103
6696.02 Al i 3.14 -1.569
6698.67 Al i 3.14 -1.870
5645.61 Si i 4.93 -2.043
5665.56 Si i 4.92 -1.940
5684.48 Si i 4.95 -1.553
5690.42 Si i 4.93 -1.773
5701.10 Si i 4.93 -1.953
5708.40 Si i 4.95 -1.370
5948.54 Si i 5.08 -1.130





A) Element χl (eV) log gf
6142.48 Si i 5.62 -1.295
6145.02 Si i 5.62 -1.310
6155.13 Si i 5.62 -0.754
6237.32 Si i 5.61 -0.975
6243.81 Si i 5.62 -1.242
6244.47 Si i 5.62 -1.093
6414.98 Si i 5.87 -1.035
6721.85 Si i 5.86 -1.062
6347.11 Si ii 8.12 0.169
6371.37 Si ii 8.12 -0.044
5260.39 Ca i 2.52 -1.719
5261.70 Ca i 2.52 -0.579
5349.46 Ca i 2.71 -0.310
5512.98 Ca i 2.93 -0.464
5581.96 Ca i 2.52 -0.555
5588.75 Ca i 2.53 0.358
5590.11 Ca i 2.52 -0.571
5594.46 Ca i 2.52 0.097
5601.28 Ca i 2.53 -0.523
5857.45 Ca i 2.93 0.240
6102.72 Ca i 1.88 -0.793
6122.22 Ca i 1.89 -0.316
6161.30 Ca i 2.52 -1.266
6162.17 Ca i 1.90 -0.090
6163.75 Ca i 2.52 -1.286
6166.44 Ca i 2.52 -1.142
6169.04 Ca i 2.52 -0.797
6169.56 Ca i 2.53 -0.478
6439.08 Ca i 2.53 0.390
6455.60 Ca i 2.52 -1.290
6471.66 Ca i 2.53 -0.686
6493.78 Ca i 2.52 -0.109
6499.65 Ca i 2.52 -0.818
6717.68 Ca i 2.71 -0.524
5031.02 Sc ii 1.36 -0.400
5239.81 Sc ii 1.46 -0.765
5526.79 Sc ii 1.77 0.024
5641.00 Sc ii 1.50 -1.131
5657.90 Sc ii 1.51 -0.603
5667.15 Sc ii 1.50 -1.309
5669.04 Sc ii 1.50 -1.200
5684.20 Sc ii 1.51 -1.074
6245.64 Sc ii 1.51 -1.022
6279.75 Sc ii 1.50 -1.252
6604.60 Sc ii 1.36 -1.309
4820.41 Ti i 1.50 -0.380
4913.61 Ti i 1.87 0.220
4981.73 Ti i 0.85 0.570
4991.06 Ti i 0.84 0.450
4999.50 Ti i 0.83 0.320
5016.16 Ti i 0.85 -0.480
5022.87 Ti i 0.83 -0.330
5024.84 Ti i 0.82 -0.530
5039.96 Ti i 0.02 -1.080
5210.38 Ti i 0.05 -0.820
5866.45 Ti i 1.07 -0.790
6085.23 Ti i 1.05 -1.331
6258.10 Ti i 1.44 -0.390
6261.10 Ti i 1.43 -0.530
4779.98 Ti ii 2.05 -1.248
4798.52 Ti ii 1.08 -2.660




A) Element χl (eV) log gf
4874.01 Ti ii 3.10 -0.860
4911.19 Ti ii 3.12 -0.640
5013.69 Ti ii 1.58 -2.140
5129.16 Ti ii 1.89 -1.340
5211.53 Ti ii 2.59 -1.410
5336.77 Ti ii 1.58 -1.600
5381.02 Ti ii 1.57 -1.970
5418.75 Ti ii 1.58 -2.130
5490.69 Ti ii 1.57 -2.430
6491.57 Ti ii 2.06 -1.942
4875.49 V i 0.04 -0.810
5727.05 V i 1.08 -0.012
6090.21 V i 1.08 -0.062
4789.33 Cr i 2.54 -0.330
4801.02 Cr i 3.12 -0.131
4936.34 Cr i 3.11 -0.250
5247.56 Cr i 0.96 -1.590
5296.69 Cr i 0.98 -1.360
5298.02 Cr i 2.90 0.099
5298.27 Cr i 0.98 -1.140
5300.75 Cr i 0.98 -2.000
5329.14 Cr i 2.91 -0.064
5345.80 Cr i 1.00 -0.950
5348.31 Cr i 1.00 -1.210
5409.78 Cr i 1.03 -0.670
4824.13 Cr ii 3.87 -0.980
4848.23 Cr ii 3.86 -1.180
4876.40 Cr ii 3.85 -1.481
5237.33 Cr ii 4.07 -1.144
5313.56 Cr ii 4.07 -1.526
5334.87 Cr ii 4.07 -1.611
4823.52 Mn i 2.32 0.136
6013.51 Mn i 3.07 -0.354
6021.82 Mn i 3.08 -0.054
4792.85 Co i 3.25 0.001
4813.48 Co i 3.22 0.120
5483.35 Co i 1.71 -1.410
4829.02 Ni i 3.54 -0.140
4873.44 Ni i 3.70 -0.380
4904.41 Ni i 3.54 -0.016
4912.02 Ni i 3.77 -0.535
4913.97 Ni i 3.74 -0.500
4918.36 Ni i 3.84 -0.081
4935.83 Ni i 3.94 -0.213
4953.20 Ni i 3.74 -0.580
5035.36 Ni i 3.63 0.290
5048.85 Ni i 3.85 -0.217
5082.34 Ni i 3.66 -0.439
5084.10 Ni i 3.68 -0.084
5137.07 Ni i 1.68 -1.990
5476.90 Ni i 1.83 -0.890
5578.72 Ni i 1.68 -2.640
5587.86 Ni i 1.93 -2.140
5682.20 Ni i 4.11 -0.344
5694.98 Ni i 4.09 -0.467
6108.12 Ni i 1.68 -2.440
6175.37 Ni i 4.09 -0.389
6176.81 Ni i 4.09 -0.260
6327.60 Ni i 1.68 -3.150
6482.80 Ni i 1.93 -2.630





A) Element χl (eV) log gf
6767.77 Ni i 1.83 -2.170
6772.31 Ni i 3.66 -0.797
Table A.8: Na i to Ni i atomic data (wavelength, element, excitation potencial,
and oscillator strength) for the MRG linelist.
λ (
◦
A) Element χl (eV) log gf
5682.63 Na i 2.10 -0.706
5688.21 Na i 2.10 -0.404
6154.23 Na i 2.10 -1.547
6160.75 Na i 2.10 -1.246
5711.09 Mg i 4.35 -1.724
6318.72 Mg i 5.11 -2.103
6319.24 Mg i 5.11 -2.324
6319.49 Mg i 5.11 -2.803
5557.06 Al i 3.14 -2.104
5517.53 Si i 5.08 -2.611
5645.61 Si i 4.93 -2.043
5665.56 Si i 4.92 -1.940
5772.15 Si i 5.08 -1.653
5948.54 Si i 5.08 -1.130
6125.02 Si i 5.61 -1.464
6237.32 Si i 5.61 -0.975
6721.85 Si i 5.86 -1.062
5349.46 Ca i 2.71 -0.310
5512.98 Ca i 2.93 -0.464
5581.96 Ca i 2.52 -0.555
5588.75 Ca i 2.53 0.358
5590.11 Ca i 2.52 -0.571
6102.72 Ca i 1.88 -0.793
6122.22 Ca i 1.89 -0.316
6166.44 Ca i 2.52 -1.142
6169.04 Ca i 2.52 -0.797
6169.56 Ca i 2.53 -0.478
6439.08 Ca i 2.53 0.390
6471.66 Ca i 2.53 -0.686
6717.68 Ca i 2.71 -0.524
5671.82 Sc i 1.45 0.495
6210.66 Sc i 0.00 -1.529
5526.79 Sc ii 1.77 0.024
5641.00 Sc ii 1.50 -1.131
5657.90 Sc ii 1.51 -0.603
5667.15 Sc ii 1.50 -1.309
5669.04 Sc ii 1.50 -1.200
6300.70 Sc ii 1.51 -1.898
6604.60 Sc ii 1.36 -1.309
4820.41 Ti i 1.50 -0.380
4915.23 Ti i 1.89 -0.910
5016.16 Ti i 0.85 -0.480
5219.70 Ti i 0.02 -2.220
5282.38 Ti i 1.05 -1.810
5426.25 Ti i 0.02 -2.950
5471.19 Ti i 1.44 -1.420
5903.31 Ti i 1.07 -2.089
5965.83 Ti i 1.88 -0.353
6085.23 Ti i 1.05 -1.331
6098.66 Ti i 3.06 -0.010




A) Element χl (eV) log gf
6126.22 Ti i 1.07 -1.368
6261.10 Ti i 1.43 -0.530
4779.98 Ti ii 2.05 -1.248
4911.19 Ti ii 3.12 -0.640
5381.02 Ti ii 1.57 -1.970
5418.75 Ti ii 1.58 -2.130
5240.86 V i 2.37 0.242
5646.11 V i 1.05 -1.190
5657.44 V i 1.06 -1.020
5668.36 V i 1.08 -1.030
5670.85 V i 1.08 -0.420
5727.05 V i 1.08 -0.012
5727.65 V i 1.05 -0.870
6039.72 V i 1.06 -0.650
6090.21 V i 1.08 -0.062
6111.65 V i 1.04 -0.715
6119.52 V i 1.06 -0.320
6150.16 V i 0.30 -1.290
6199.20 V i 0.29 -1.300
6251.83 V i 0.29 -1.340
6256.89 V i 0.28 -2.010
6274.65 V i 0.27 -1.670
6292.83 V i 0.29 -1.470
6504.16 V i 1.18 -1.230
4801.02 Cr i 3.12 -0.131
5214.13 Cr i 3.37 -1.206
5238.96 Cr i 2.71 -1.270
5241.46 Cr i 2.71 -1.920
5243.35 Cr i 3.39 -0.580
5296.69 Cr i 0.98 -1.360
5300.75 Cr i 0.98 -2.000
5304.18 Cr i 3.46 -0.670
5783.06 Cr i 3.32 -0.375
5783.85 Cr i 3.32 -0.295
5844.60 Cr i 3.01 -1.770
6330.09 Cr i 0.94 -2.787
6537.92 Cr i 1.00 -3.718
5237.33 Cr ii 4.07 -1.144
5399.48 Mn i 3.85 -0.345
5420.35 Mn i 2.14 -1.462
5470.63 Mn i 2.16 -1.992
5516.77 Mn i 2.18 -1.847
5537.75 Mn i 2.19 -2.328
6013.51 Mn i 3.07 -0.354
6021.82 Mn i 3.08 -0.054
5280.63 Co i 3.63 -0.030
5301.04 Co i 1.71 -1.940
5483.35 Co i 1.71 -1.410
5530.77 Co i 1.71 -2.230
5590.74 Co i 2.04 -1.870
5647.23 Co i 2.28 -1.560
6093.14 Co i 1.74 -2.440
6116.99 Co i 1.78 -2.490
6454.99 Co i 3.63 -0.250
4811.98 Ni i 3.66 -1.450
4814.59 Ni i 3.60 -1.620
4873.44 Ni i 3.70 -0.380
4904.41 Ni i 3.54 -0.016
4912.02 Ni i 3.77 -0.535
4935.83 Ni i 3.94 -0.213





A) Element χl (eV) log gf
5032.73 Ni i 3.90 -1.398
5197.16 Ni i 3.90 -1.291
5435.86 Ni i 1.99 -2.600
5462.49 Ni i 3.85 -0.818
5587.86 Ni i 1.93 -2.140
5593.73 Ni i 3.90 -0.682
5625.32 Ni i 4.09 -0.549
5641.88 Ni i 4.11 -1.046
5643.08 Ni i 4.16 -1.096
5682.20 Ni i 4.11 -0.344
5694.98 Ni i 4.09 -0.467
5748.35 Ni i 1.68 -3.242
5846.99 Ni i 1.68 -3.210
5996.73 Ni i 4.24 -1.037
6007.31 Ni i 1.68 -3.740
6025.75 Ni i 4.24 -1.526
6111.07 Ni i 4.09 -0.865
6186.71 Ni i 4.11 -0.880
6204.60 Ni i 4.09 -1.100
6482.80 Ni i 1.93 -2.630
6643.63 Ni i 1.68 -2.300
6767.77 Ni i 1.83 -2.170
Table A.9: Na i to Ni i atomic data (wavelength, element, excitation potencial,
and oscillator strength) for the MPG linelist.
λ (
◦
A) Element χl (eV) log gf
5682.63 Na i 2.10 -0.706
5688.21 Na i 2.10 -0.404
6154.23 Na i 2.10 -1.547
6160.75 Na i 2.10 -1.246
5711.09 Mg i 4.35 -1.724
6318.72 Mg i 5.11 -2.103
6319.24 Mg i 5.11 -2.324
6319.49 Mg i 5.11 -2.803
5557.06 Al i 3.14 -2.104
6696.02 Al i 3.14 -1.569
6698.67 Al i 3.14 -1.870
5645.61 Si i 4.93 -2.043
5665.56 Si i 4.92 -1.940
5684.48 Si i 4.95 -1.553
5690.42 Si i 4.93 -1.773
5701.10 Si i 4.93 -1.953
5948.54 Si i 5.08 -1.130
6142.48 Si i 5.62 -1.295
6155.13 Si i 5.62 -0.754
6195.43 Si i 5.87 -1.490
6244.47 Si i 5.62 -1.093
5349.46 Ca i 2.71 -0.310
5512.98 Ca i 2.93 -0.464
5581.96 Ca i 2.52 -0.555
5588.75 Ca i 2.53 0.358
5590.11 Ca i 2.52 -0.571
5601.28 Ca i 2.53 -0.523
5857.45 Ca i 2.93 0.240
5867.56 Ca i 2.93 -1.570
6161.30 Ca i 2.52 -1.266




A) Element χl (eV) log gf
6162.17 Ca i 1.90 -0.090
6166.44 Ca i 2.52 -1.142
6169.04 Ca i 2.52 -0.797
6169.56 Ca i 2.53 -0.478
6439.08 Ca i 2.53 0.390
6455.60 Ca i 2.52 -1.290
6471.66 Ca i 2.53 -0.686
6508.85 Ca i 2.53 -2.408
6572.78 Ca i 0.00 -4.240
6717.68 Ca i 2.71 -0.524
6798.48 Ca i 2.71 -2.889
5356.09 Sc i 1.87 0.168
5484.63 Sc i 1.85 0.148
5671.82 Sc i 1.45 0.495
5686.85 Sc i 1.44 0.376
6210.66 Sc i 0.00 -1.529
5239.81 Sc ii 1.46 -0.765
5552.22 Sc ii 1.46 -2.090
5641.00 Sc ii 1.50 -1.131
5657.90 Sc ii 1.51 -0.603
5667.15 Sc ii 1.50 -1.309
6245.64 Sc ii 1.51 -1.022
6320.85 Sc ii 1.50 -1.816
6604.60 Sc ii 1.36 -1.309
4820.41 Ti i 1.50 -0.380
4913.61 Ti i 1.87 0.220
4915.23 Ti i 1.89 -0.910
4926.15 Ti i 0.82 -2.090
4999.50 Ti i 0.83 0.320
5219.70 Ti i 0.02 -2.220
5282.38 Ti i 1.05 -1.810
5295.77 Ti i 1.07 -1.590
5366.64 Ti i 0.82 -2.460
5384.63 Ti i 0.83 -2.770
5426.25 Ti i 0.02 -2.950
5440.51 Ti i 1.43 -2.440
5449.15 Ti i 1.44 -1.870
5460.50 Ti i 0.05 -2.748
5471.19 Ti i 1.44 -1.420
5648.56 Ti i 2.49 -0.161
5689.46 Ti i 2.30 -0.360
5716.45 Ti i 2.30 -0.720
5739.47 Ti i 2.25 -0.610
5866.45 Ti i 1.07 -0.790
5903.31 Ti i 1.07 -2.089
5918.54 Ti i 1.07 -1.640
5922.11 Ti i 1.05 -1.380
5937.81 Ti i 1.07 -1.940
5953.16 Ti i 1.89 -0.273
5965.83 Ti i 1.88 -0.353
5978.54 Ti i 1.87 -0.440
6064.63 Ti i 1.05 -1.888
6085.23 Ti i 1.05 -1.331
6091.17 Ti i 2.27 -0.320
6098.66 Ti i 3.06 -0.010
6121.00 Ti i 1.88 -1.420
6126.22 Ti i 1.07 -1.368
6303.76 Ti i 1.44 -1.580
6312.24 Ti i 1.46 -1.550
6336.10 Ti i 1.44 -1.690





A) Element χl (eV) log gf
6554.22 Ti i 1.44 -1.150
6599.10 Ti i 0.90 -2.029
6743.12 Ti i 0.90 -1.611
4865.61 Ti ii 1.12 -2.700
5336.77 Ti ii 1.58 -1.600
5418.75 Ti ii 1.58 -2.130
5240.86 V i 2.37 0.242
5507.73 V i 1.71 -1.073
5592.97 V i 0.04 -3.230
5604.93 V i 1.04 -1.280
5627.63 V i 1.08 -0.363
5646.11 V i 1.05 -1.190
5657.44 V i 1.06 -1.020
5668.36 V i 1.08 -1.030
5670.85 V i 1.08 -0.420
5703.58 V i 1.05 -0.211
5727.05 V i 1.08 -0.012
5727.65 V i 1.05 -0.870
5737.06 V i 1.06 -0.740
6002.29 V i 1.22 -1.780
6002.62 V i 1.05 -1.580
6039.72 V i 1.06 -0.650
6081.44 V i 1.05 -0.579
6090.21 V i 1.08 -0.062
6111.65 V i 1.04 -0.715
6135.36 V i 1.05 -0.746
6150.16 V i 0.30 -1.290
6199.20 V i 0.29 -1.300
6213.87 V i 0.30 -1.925
6216.35 V i 0.28 -1.290
6251.83 V i 0.29 -1.340
6256.89 V i 0.28 -2.010
6274.65 V i 0.27 -1.670
6285.15 V i 0.28 -1.510
6292.83 V i 0.29 -1.470
6326.84 V i 1.87 -0.588
6504.16 V i 1.18 -1.230
4801.02 Cr i 3.12 -0.131
5238.96 Cr i 2.71 -1.270
5296.69 Cr i 0.98 -1.360
5300.75 Cr i 0.98 -2.000
5702.31 Cr i 3.45 -0.670
5719.82 Cr i 3.01 -1.580
5844.60 Cr i 3.01 -1.770
6330.09 Cr i 0.94 -2.787
6537.92 Cr i 1.00 -3.718
6630.01 Cr i 1.03 -3.560
5502.07 Cr ii 4.17 -2.091
5399.48 Mn i 3.85 -0.345
5420.35 Mn i 2.14 -1.462
5537.75 Mn i 2.19 -2.328
4792.85 Co i 3.25 0.001
5280.63 Co i 3.63 -0.030
5301.04 Co i 1.71 -1.940
5331.45 Co i 1.78 -1.990
5483.35 Co i 1.71 -1.410
5523.30 Co i 2.33 -1.638
5530.77 Co i 1.71 -2.230
5590.74 Co i 2.04 -1.870
5647.23 Co i 2.28 -1.560
5915.55 Co i 2.14 -2.030




A) Element χl (eV) log gf
6005.03 Co i 1.71 -3.320
6093.14 Co i 1.74 -2.440
6189.00 Co i 1.71 -2.450
6454.99 Co i 3.63 -0.250
5032.73 Ni i 3.90 -1.398
5435.86 Ni i 1.99 -2.600
5462.49 Ni i 3.85 -0.818
5587.86 Ni i 1.93 -2.140
5589.36 Ni i 3.90 -0.938
5593.73 Ni i 3.90 -0.682
5682.20 Ni i 4.11 -0.344
5694.98 Ni i 4.09 -0.467
5846.99 Ni i 1.68 -3.210
6007.31 Ni i 1.68 -3.740
6111.07 Ni i 4.09 -0.865
6175.37 Ni i 4.09 -0.389
6176.81 Ni i 4.09 -0.260
6186.71 Ni i 4.11 -0.880
6223.98 Ni i 4.11 -0.910
6322.17 Ni i 4.15 -1.115
6327.60 Ni i 1.68 -3.150
6482.80 Ni i 1.93 -2.630
6586.31 Ni i 1.95 -2.746
6598.60 Ni i 4.24 -0.821
6643.63 Ni i 1.68 -2.300
Table A.10: Na i to Ni i atomic data (wavelength, element, excitation poten-
cial, and oscillator strength) for the EMPS linelist.
λ (
◦
A) Element χl (eV) log gf
5889.95 Na i 0.00 0.108
5895.92 Na i 0.00 -0.144
5172.68 Mg i 2.71 -0.450
5183.60 Mg i 2.72 -0.239
5528.40 Mg i 4.35 -0.498
5948.54 Si i 5.08 -1.130
5588.75 Ca i 2.53 0.358
5594.46 Ca i 2.52 0.097
6102.72 Ca i 1.88 -0.793
6122.22 Ca i 1.89 -0.316
6162.17 Ca i 1.90 -0.090
6439.08 Ca i 2.53 0.390
4981.73 Ti i 0.85 0.570
4991.06 Ti i 0.84 0.450
4999.50 Ti i 0.83 0.320
5204.51 Cr i 0.94 -0.190
5206.04 Cr i 0.94 0.020









































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































138 CHAPTER A. Appendix
Table A.12: Stellar parameters
NAME TARGET Teff (K) log g (dex) ξ (km s
−1) [Fe/H] (dex)
19013537-0028186 Br 81 5037 ± 216 3.18 ± 0.58 1.66 ± 0.20 0.25 ± 0.15
19013631-0027447 Br 81 4825 ± 146 2.41 ± 0.49 1.56 ± 0.13 0.14 ± 0.11
19013651-0027021 Br 81 4968 ± 248 3.05 ± 0.72 2.83 ± 0.17 -0.08 ± 0.17
19013910-0027114 Br 81 5147 ± 160 3.44 ± 0.41 1.73 ± 0.19 0.22 ± 0.11
19013997-0028213 Br 81 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
19014004-0028129 Br 81 4938 ± 185 2.88 ± 0.57 1.88 ± 0.19 0.17 ± 0.13
19014127-0026444 Br 81 5146 ± 244 3.57 ± 0.68 2.26 ± 0.35 0.21 ± 0.17
19014194-0028172 Br 81 4975 ± 197 3.11 ± 0.57 2.29 ± 0.25 0.05 ± 0.13
19014228-0027388 Br 81 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
19014498-0027496 Br 81 4845 ± 209 2.83 ± 0.65 2.27 ± 0.27 -0.09 ± 0.15
19014525-0023580 Br 81 5041 ± 202 3.03 ± 0.57 1.85 ± 0.21 0.15 ± 0.14
19014769-0025108 Br 81 4834 ± 152 2.67 ± 0.48 1.51 ± 0.13 0.24 ± 0.11
19015261-0025318 Br 81 5020 ± 183 2.99 ± 0.53 1.89 ± 0.21 0.07 ± 0.13
19015978-0028183 Br 81 4724 ± 70 2.46 ± 0.26 1.50 ± 0.07 -0.39 ± 0.06
10505592-7707285 Cha I 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
10554858-7651504 Cha I 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
10555973-7724399 Cha I 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
10564115-7744292 Cha I 4369 ± 78 1.94 ± 0.33 1.52 ± 0.07 -0.43 ± 0.07
10574797-7617429 Cha I 5022 ± 87 2.84 ± 0.27 1.28 ± 0.07 0.18 ± 0.06
10585418-7743115 Cha I 4736 ± 152 3.05 ± 0.47 1.17 ± 0.14 0.08 ± 0.09
10590108-7722407 Cha I 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
10593816-7822421 Cha I 4459 ± 124 2.11 ± 0.45 1.25 ± 0.09 -0.07 ± 0.09
11010007-7738516 Cha I 4174 ± 132 2.02 ± 0.55 2.12 ± 0.23 -0.58 ± 0.14
11012887-7539520 Cha I 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
11020524-7525093 Cha I 4095 ± 150 1.26 ± 0.61 1.45 ± 0.10 -0.28 ± 0.15
11022491-7733357 Cha I 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
11033599-7628242 Cha I 4200 ± 161 1.38 ± 0.66 1.63 ± 0.12 -0.30 ± 0.14
11034945-7700101 Cha I 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
11044460-7706240 Cha I 4273 ± 92 1.95 ± 0.39 1.78 ± 0.10 -0.44 ± 0.09
11045100-7625240 Cha I 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
11053303-7700120 Cha I 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
11055780-7607489 Cha I 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
11060511-7511454 Cha I 4916 ± 43 2.53 ± 0.15 1.42 ± 0.05 -0.51 ± 0.04
11064510-7727023 Cha I 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
11065856-7713326 Cha I 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
11075588-7727257 Cha I 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
11080148-7742288 Cha I 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
11080412-7513273 Cha I 4333 ± 176 2.22 ± 0.64 1.55 ± 0.14 -0.11 ± 0.14
11082577-7648315 Cha I 4332 ± 145 1.78 ± 0.56 1.52 ± 0.10 -0.10 ± 0.12
11084041-7756310 Cha I 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
11085231-7743329 Cha I 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
11085326-7519374 Cha I 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
11091172-7729124 Cha I 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
11091769-7627578 Cha I 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
11092378-7623207 Cha I 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
11095119-7658568 Cha I 5813 ± 89 4.32 ± 0.20 1.17 ± 0.12 0.46 ± 0.07
11100704-7629377 Cha I 4505 ± 146 3.38 ± 0.64 1.35 ± 0.20 -0.55 ± 0.11
11111333-7731178 Cha I 4850 ± 185 3.38 ± 0.50 1.48 ± 0.19 0.20 ± 0.11
11112801-7749213 Cha I 4151 ± 256 1.47 ± 1.02 1.93 ± 0.23 -0.33 ± 0.22
11114632-7620092 Cha I 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
11124268-7722230 Cha I 5167 ± 94 3.74 ± 0.28 1.90 ± 0.14 -0.15 ± 0.06
11124299-7637049 Cha I 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
11135757-7818460 Cha I 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
11140585-7729058 Cha I 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
11140941-7714492 Cha I 4127 ± 101 1.85 ± 0.42 1.70 ± 0.10 -0.31 ± 0.11
11141568-7738326 Cha I 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
11142964-7707063 Cha I 5972 ± 61 4.42 ± 0.13 1.14 ± 0.09 0.00 ± 0.05
11143515-7539288 Cha I 4338 ± 77 2.07 ± 0.33 1.56 ± 0.08 -0.34 ± 0.08
11170509-7538518 Cha I 4812 ± 108 2.67 ± 0.34 1.36 ± 0.08 0.14 ± 0.07
11182024-7621576 Cha I 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
11213017-7616098 Cha I 4806 ± 100 2.53 ± 0.34 1.46 ± 0.09 -0.04 ± 0.07
11252677-7553273 Cha I 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
11291261-7546263 Cha I 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
06432980-0050546 COROT 5005 ± 74 2.90 ± 0.22 1.42 ± 0.07 0.01 ± 0.06
06435723-0047246 COROT 6231 ± 38 4.31 ± 0.08 1.34 ± 0.07 -0.49 ± 0.03
06440226-0101566 COROT 5651 ± 55 4.44 ± 0.13 0.85 ± 0.10 0.17 ± 0.05
06440805-0047588 COROT 4447 ± 165 2.10 ± 0.61 1.43 ± 0.13 0.05 ± 0.13
06441504-0052028 COROT 6204 ± 50 4.18 ± 0.09 1.33 ± 0.06 0.06 ± 0.04
06441507-0054279 COROT 4314 ± 72 1.80 ± 0.33 1.70 ± 0.08 -0.46 ± 0.07
06442854-0047460 COROT 4490 ± 140 2.14 ± 0.53 1.42 ± 0.10 -0.06 ± 0.10
19231202+0140227 COROT 4742 ± 275 3.25 ± 0.82 2.64 ± 0.36 -0.18 ± 0.17
19232616+0145326 COROT 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
19233129+0141224 COROT 4767 ± 133 3.01 ± 0.43 1.47 ± 0.13 -0.24 ± 0.09
19225173+0122202 COROT 4894 ± 176 2.77 ± 0.56 2.32 ± 0.23 -0.18 ± 0.13
19232660+0127026 COROT 4665 ± 180 2.69 ± 0.57 1.64 ± 0.17 0.14 ± 0.12
19232618+0101509 COROT 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
19233892+0106599 COROT 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
19241465+0108485 COROT 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
19241945+0114266 COROT 5707 ± 161 4.66 ± 0.42 1.99 ± 0.31 -0.16 ± 0.12
19234641+0140247 COROT 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
19235185+0152117 COROT 4280 ± 254 1.82 ± 0.97 2.68 ± 0.32 -0.51 ± 0.19
19240239+0141456 COROT 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
19243735+0149439 COROT 4720 ± 170 2.47 ± 0.55 1.47 ± 0.13 -0.02 ± 0.12
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19244757+0145276 COROT 5285 ± 145 4.57 ± 0.40 1.81 ± 0.26 -0.06 ± 0.08
19241832+0057159 COROT 5541 ± 74 4.44 ± 0.18 0.92 ± 0.12 0.14 ± 0.06
19242747+0045070 COROT 4795 ± 39 2.07 ± 0.14 1.40 ± 0.05 -1.12 ± 0.04
19243467+0050077 COROT 4271 ± 177 1.47 ± 0.71 1.50 ± 0.12 -0.14 ± 0.15
19243552+0055135 COROT 4253 ± 208 1.46 ± 0.83 1.82 ± 0.18 -0.18 ± 0.18
19250371+0049014 COROT 5007 ± 102 3.35 ± 0.27 1.20 ± 0.11 0.18 ± 0.07
19241058+0050042 COROT 5031 ± 133 3.44 ± 0.43 1.75 ± 0.22 -0.47 ± 0.11
19241853+0053232 COROT 4973 ± 235 3.55 ± 0.68 2.16 ± 0.33 0.12 ± 0.15
19242473+0044105 COROT 4896 ± 202 3.24 ± 0.58 1.97 ± 0.25 0.00 ± 0.13
19242775+0046425 COROT 4953 ± 100 2.82 ± 0.31 1.45 ± 0.09 -0.17 ± 0.07
19245756+0052282 COROT 5020 ± 243 3.69 ± 0.65 1.89 ± 0.31 0.19 ± 0.15
19251658+0005292 COROT 4716 ± 141 2.69 ± 0.46 1.61 ± 0.12 0.12 ± 0.10
19251846+0016550 COROT 4950 ± 50 2.72 ± 0.19 1.54 ± 0.07 -0.48 ± 0.04
19252365+0010280 COROT 5084 ± 89 2.91 ± 0.28 1.28 ± 0.09 0.00 ± 0.07
19253012+0005187 COROT 4557 ± 205 2.44 ± 0.67 1.51 ± 0.15 0.22 ± 0.14
19255284+0012484 COROT 4769 ± 112 2.56 ± 0.38 1.53 ± 0.10 -0.03 ± 0.08
19260416+0007466 COROT 4280 ± 239 1.51 ± 0.94 2.24 ± 0.27 -0.28 ± 0.19
19260004+0204133 COROT 4630 ± 155 2.74 ± 0.52 1.72 ± 0.14 -0.01 ± 0.11
19261573+0158339 COROT 4766 ± 269 2.95 ± 0.81 1.96 ± 0.25 0.16 ± 0.17
19262692+0203170 COROT 4443 ± 207 2.04 ± 0.71 1.60 ± 0.14 -0.02 ± 0.15
19262943+0155049 COROT 5019 ± 132 3.56 ± 0.35 1.23 ± 0.15 0.12 ± 0.09
19270288+0156023 COROT 4853 ± 361 3.34 ± 1.00 2.62 ± 0.38 -0.03 ± 0.22
19261922+0023210 COROT 4747 ± 143 3.13 ± 0.41 1.30 ± 0.14 0.00 ± 0.08
19262648+0029588 COROT 4734 ± 234 2.95 ± 0.70 2.30 ± 0.32 0.09 ± 0.16
19263478+0023101 COROT 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
19265452+0026159 COROT 5075 ± 75 2.73 ± 0.25 1.11 ± 0.07 0.09 ± 0.06
19270157+0035230 COROT 4630 ± 144 2.81 ± 0.49 1.64 ± 0.15 -0.15 ± 0.10
19293398+0015323 COROT 4645 ± 156 2.64 ± 0.49 1.36 ± 0.15 0.30 ± 0.11
19294723+0007019 COROT 4797 ± 228 2.83 ± 0.68 2.19 ± 0.31 -0.34 ± 0.16
19295121+0006313 COROT 4784 ± 232 3.24 ± 0.65 1.76 ± 0.24 0.06 ± 0.14
19300327+0010264 COROT 4792 ± 213 2.99 ± 0.63 1.94 ± 0.22 0.15 ± 0.14
19295836-0013382 COROT 4696 ± 125 2.54 ± 0.42 1.52 ± 0.10 0.07 ± 0.09
19300746+0000133 COROT 4985 ± 310 4.16 ± 0.74 1.75 ± 0.46 0.09 ± 0.16
19304445-0009262 COROT 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
19305234-0001092 COROT 4610 ± 200 2.54 ± 0.68 1.86 ± 0.20 -0.02 ± 0.14
00035430-0058050 FIELD 5719 ± 58 4.30 ± 0.14 1.20 ± 0.09 -0.56 ± 0.05
00035518-0047502 FIELD 5876 ± 32 4.15 ± 0.08 1.17 ± 0.05 -0.67 ± 0.03
00041167-0052205 FIELD 5141 ± 121 4.41 ± 0.27 0.96 ± 0.26 -0.56 ± 0.10
00041686-0104012 FIELD 5801 ± 44 4.27 ± 0.10 1.17 ± 0.08 -0.74 ± 0.04
00042182-0059573 FIELD 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
00032138-4707227 FIELD 5163 ± 88 4.58 ± 0.24 0.46 ± 0.22 -0.17 ± 0.06
00035412-4708421 FIELD 4887 ± 42 2.24 ± 0.18 1.30 ± 0.05 -1.31 ± 0.05
00041920-4705201 FIELD 5791 ± 67 4.51 ± 0.15 1.10 ± 0.10 0.01 ± 0.05
00042905-4658145 FIELD 5927 ± 46 4.22 ± 0.12 1.01 ± 0.08 -0.34 ± 0.04
00042981-4701022 FIELD 5712 ± 91 4.25 ± 0.18 0.62 ± 0.26 -0.30 ± 0.10
00094204-0330394 FIELD 5054 ± 132 4.61 ± 0.36 1.28 ± 0.27 -0.38 ± 0.09
00100615-0326230 FIELD 5899 ± 63 4.46 ± 0.13 1.00 ± 0.09 0.16 ± 0.05
00101214-0340289 FIELD 5761 ± 101 4.52 ± 0.24 1.56 ± 0.19 -0.51 ± 0.09
00101980-0333160 FIELD 5946 ± 65 4.32 ± 0.14 1.27 ± 0.09 -0.08 ± 0.05
00102112-0326192 FIELD 5872 ± 57 4.40 ± 0.15 0.84 ± 0.12 -0.35 ± 0.06
00103114-0330291 FIELD 5427 ± 94 4.72 ± 0.31 1.07 ± 0.19 -0.27 ± 0.06
00090433-5006451 FIELD 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
00091992-5000042 FIELD 5590 ± 144 4.90 ± 0.41 1.35 ± 0.26 0.06 ± 0.10
00095036-5007366 FIELD 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
00095661-5000401 FIELD 6101 ± 115 4.51 ± 0.47 1.79 ± 0.24 -0.69 ± 0.09
00095845-4955540 FIELD 5779 ± 98 4.56 ± 0.30 1.74 ± 0.21 -0.59 ± 0.09
00101481-4959013 FIELD 5535 ± 119 4.83 ± 0.28 1.50 ± 0.22 -0.06 ± 0.08
00102254-4957168 FIELD 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
00190535-0049064 FIELD 5448 ± 81 4.37 ± 0.19 0.74 ± 0.16 0.14 ± 0.06
00190818-0059358 FIELD 5383 ± 129 4.61 ± 0.27 0.70 ± 0.31 0.00 ± 0.09
00191310-0052404 FIELD 5583 ± 64 4.42 ± 0.16 0.81 ± 0.11 0.12 ± 0.05
00192318-0102364 FIELD 5563 ± 100 4.52 ± 0.22 0.98 ± 0.25 -0.66 ± 0.10
00194276-0056072 FIELD 5733 ± 38 4.08 ± 0.09 0.98 ± 0.06 -0.22 ± 0.03
00194546-0051026 FIELD 5986 ± 71 4.13 ± 0.16 1.46 ± 0.10 -0.61 ± 0.06
00185214-4658531 FIELD 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
00192560-4659196 FIELD 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
00194037-4659596 FIELD 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
00194484-4651454 FIELD 5508 ± 83 4.49 ± 0.20 0.63 ± 0.19 -0.09 ± 0.07
00195222-4702576 FIELD 5791 ± 48 4.32 ± 0.11 0.92 ± 0.08 0.14 ± 0.04
00195239-4704422 FIELD 5539 ± 69 4.40 ± 0.15 0.86 ± 0.11 0.14 ± 0.05
00294741-0327481 FIELD 5798 ± 65 4.36 ± 0.17 0.93 ± 0.10 -0.22 ± 0.05
00295076-0334166 FIELD 5685 ± 67 4.46 ± 0.14 0.65 ± 0.15 0.06 ± 0.06
00295100-0331297 FIELD 5698 ± 56 4.19 ± 0.13 1.07 ± 0.10 -0.70 ± 0.06
00300072-0334353 FIELD 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
00301211-0332394 FIELD 5322 ± 111 4.63 ± 0.29 0.65 ± 0.27 -0.25 ± 0.08
00301524-0334443 FIELD 5712 ± 98 3.82 ± 0.24 0.94 ± 0.14 -0.49 ± 0.08
00302427-0326548 FIELD 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
00290789-5006219 FIELD 5150 ± 77 3.37 ± 0.23 1.11 ± 0.12 -1.25 ± 0.07
00292803-5000018 FIELD 5887 ± 68 4.40 ± 0.14 0.76 ± 0.12 -0.14 ± 0.05
00295819-5015539 FIELD 5952 ± 64 4.51 ± 0.14 0.92 ± 0.11 -0.13 ± 0.05
00300545-5003284 FIELD 6285 ± 52 4.01 ± 0.11 1.54 ± 0.07 -0.57 ± 0.04
00300547-5009590 FIELD 5794 ± 77 4.42 ± 0.20 1.53 ± 0.11 0.30 ± 0.06
00301156-5001500 FIELD 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
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00303731-5002158 FIELD 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
00313806-4358190 FIELD 5105 ± 81 4.59 ± 0.29 1.21 ± 0.14 -0.25 ± 0.04
00314564-4403076 FIELD 5723 ± 110 4.87 ± 0.24 1.15 ± 0.21 0.01 ± 0.08
00320319-4359051 FIELD 5891 ± 83 4.62 ± 0.16 0.95 ± 0.14 0.13 ± 0.06
00321209-4356434 FIELD 5225 ± 111 4.74 ± 0.27 1.15 ± 0.21 -0.14 ± 0.06
00324142-4357036 FIELD 5574 ± 115 4.78 ± 0.29 1.22 ± 0.22 -0.26 ± 0.08
00324599-4354509 FIELD 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
00391504-0057504 FIELD 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
00393289-0106124 FIELD 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
00393538-0055429 FIELD 5038 ± 158 4.23 ± 0.36 0.85 ± 0.34 -0.59 ± 0.13
00395056-0057356 FIELD 5682 ± 58 4.28 ± 0.15 0.85 ± 0.10 -0.27 ± 0.05
00401904-0059103 FIELD 5651 ± 47 4.26 ± 0.10 0.76 ± 0.11 -0.58 ± 0.05
00393109-4702122 FIELD 5124 ± 81 4.55 ± 0.33 0.98 ± 0.15 -0.20 ± 0.05
00400214-4650241 FIELD 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
00400832-4657509 FIELD 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
00400840-4706101 FIELD 5844 ± 103 4.38 ± 0.23 1.30 ± 0.14 -0.13 ± 0.08
00401012-4705086 FIELD 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
00492082-0335228 FIELD 5188 ± 155 4.78 ± 0.40 0.97 ± 0.35 -0.25 ± 0.11
00493979-0341143 FIELD 6006 ± 68 4.48 ± 0.16 1.11 ± 0.11 0.01 ± 0.05
00494841-0336486 FIELD 4847 ± 110 4.52 ± 0.43 1.00 ± 0.22 -0.19 ± 0.04
00495191-0336329 FIELD 5427 ± 60 4.27 ± 0.15 0.34 ± 0.19 -0.28 ± 0.05
00500588-0338569 FIELD 5800 ± 50 4.43 ± 0.11 0.87 ± 0.08 0.00 ± 0.04
00501697-0337249 FIELD 5892 ± 51 3.97 ± 0.12 1.36 ± 0.08 -0.96 ± 0.04
00485811-5002353 FIELD 4710 ± 107 2.88 ± 0.33 1.19 ± 0.10 -0.24 ± 0.07
00494552-5001539 FIELD 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
00495339-5003574 FIELD 5651 ± 67 4.42 ± 0.16 0.91 ± 0.11 0.07 ± 0.05
00495409-5000126 FIELD 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
00503757-4955594 FIELD 6165 ± 88 4.51 ± 0.18 1.50 ± 0.13 -0.13 ± 0.06
00504174-5003332 FIELD 6018 ± 114 4.42 ± 0.23 1.78 ± 0.19 -0.12 ± 0.08
00585329-0101244 FIELD 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
00591932-0100453 FIELD 5770 ± 49 4.13 ± 0.12 1.01 ± 0.09 -0.48 ± 0.05
00593484-0051236 FIELD 6009 ± 63 4.35 ± 0.13 1.21 ± 0.08 0.16 ± 0.05
00594811-0102112 FIELD 5399 ± 80 4.39 ± 0.20 0.87 ± 0.16 0.09 ± 0.06
00595081-0101077 FIELD 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
00595861-0102454 FIELD 6114 ± 62 4.02 ± 0.13 1.74 ± 0.09 -0.57 ± 0.05
00591517-4713326 FIELD 5520 ± 69 4.09 ± 0.19 0.86 ± 0.15 -0.51 ± 0.08
00592027-4709022 FIELD 5934 ± 33 4.11 ± 0.08 1.10 ± 0.05 -0.63 ± 0.03
00593634-4706576 FIELD 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
00594485-4714534 FIELD 5851 ± 29 4.05 ± 0.11 1.18 ± 0.05 -0.89 ± 0.03
00595230-4657455 FIELD 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
00595442-4710232 FIELD 5268 ± 57 3.83 ± 0.15 0.91 ± 0.08 0.01 ± 0.04
01002634-4708587 FIELD 5365 ± 81 4.46 ± 0.19 0.80 ± 0.17 0.10 ± 0.06
01191388-0054522 FIELD 5835 ± 89 4.27 ± 0.19 1.21 ± 0.16 -0.36 ± 0.09
01192780-0049435 FIELD 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
01193948-0057479 FIELD 5833 ± 37 4.18 ± 0.09 1.10 ± 0.06 -0.86 ± 0.03
01194941-0051074 FIELD 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
01201034-0100129 FIELD 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
01202315-0049575 FIELD 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
01203074-0056038 FIELD 4509 ± 102 2.66 ± 0.37 1.42 ± 0.09 -0.40 ± 0.07
01201985-4704083 FIELD 5498 ± 67 4.40 ± 0.18 0.78 ± 0.13 -0.01 ± 0.05
01202344-4658138 FIELD 5828 ± 51 4.11 ± 0.14 1.15 ± 0.08 -0.69 ± 0.05
01202897-4708083 FIELD 5996 ± 38 4.24 ± 0.08 1.37 ± 0.06 -0.65 ± 0.03
01202905-4655144 FIELD 5583 ± 72 4.05 ± 0.17 1.09 ± 0.10 0.45 ± 0.06
01210924-4705165 FIELD 5886 ± 65 4.23 ± 0.16 1.40 ± 0.10 -0.74 ± 0.06
01212203-4659393 FIELD 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
01394449-0058340 FIELD 5418 ± 122 4.18 ± 0.25 0.12 ± 0.57 -0.40 ± 0.14
01400809-0057402 FIELD 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
01402469-0055153 FIELD 6002 ± 70 4.43 ± 0.15 1.95 ± 0.14 -0.66 ± 0.06
01402870-0059453 FIELD 5781 ± 48 4.13 ± 0.11 1.17 ± 0.06 0.08 ± 0.04
01403348-0059108 FIELD 5946 ± 54 4.35 ± 0.13 1.07 ± 0.07 -0.26 ± 0.04
01384653-4705014 FIELD 5790 ± 42 4.34 ± 0.10 0.84 ± 0.07 -0.01 ± 0.03
01390193-4701326 FIELD 5888 ± 62 4.00 ± 0.15 0.98 ± 0.07 -0.22 ± 0.05
01391371-4654543 FIELD 5197 ± 90 4.46 ± 0.23 0.65 ± 0.21 -0.01 ± 0.06
01392938-4703452 FIELD 5238 ± 138 4.40 ± 0.29 0.61 ± 0.32 0.12 ± 0.10
01394177-4658578 FIELD 5419 ± 64 4.32 ± 0.16 0.75 ± 0.17 -0.80 ± 0.06
01395802-4706046 FIELD 5847 ± 64 4.30 ± 0.17 1.23 ± 0.10 -0.53 ± 0.06
01594404-0048461 FIELD 6071 ± 69 4.17 ± 0.17 1.40 ± 0.09 -0.22 ± 0.05
02000229-0057032 FIELD 5084 ± 155 4.63 ± 0.38 1.08 ± 0.27 0.10 ± 0.08
02000371-0053102 FIELD 5912 ± 67 4.57 ± 0.14 1.17 ± 0.12 -0.27 ± 0.05
02001284-0045559 FIELD 5502 ± 137 4.30 ± 0.30 0.66 ± 0.37 -0.45 ± 0.15
02003047-0049597 FIELD 5020 ± 216 4.12 ± 0.49 0.18 ± 0.70 -0.29 ± 0.21
02003139-0051478 FIELD 5821 ± 61 4.36 ± 0.16 1.01 ± 0.09 -0.10 ± 0.05
02003245-0100463 FIELD 5621 ± 70 4.35 ± 0.19 1.07 ± 0.12 -0.10 ± 0.05
01591575-4651446 FIELD 6101 ± 73 4.27 ± 0.15 1.58 ± 0.10 -0.08 ± 0.05
01592290-4658510 FIELD 6296 ± 97 4.48 ± 0.22 1.33 ± 0.14 -0.30 ± 0.06
01594904-4659028 FIELD 5056 ± 135 4.77 ± 0.33 1.43 ± 0.31 -0.48 ± 0.08
01595492-4657013 FIELD 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
01595643-4709576 FIELD 5638 ± 93 4.81 ± 0.23 1.04 ± 0.19 -0.25 ± 0.07
02002184-4701354 FIELD 5751 ± 94 4.26 ± 0.22 1.31 ± 0.17 -0.39 ± 0.09
02003591-4705537 FIELD 5424 ± 62 4.47 ± 0.18 0.86 ± 0.12 -0.16 ± 0.05
02093912-5004460 FIELD 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
02094516-5010561 FIELD 5966 ± 63 4.35 ± 0.16 1.09 ± 0.10 -0.34 ± 0.06
02100022-5003499 FIELD 4970 ± 91 3.44 ± 0.27 1.07 ± 0.12 -0.40 ± 0.07
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02103889-4958598 FIELD 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
02104217-5014093 FIELD 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
02105375-5005268 FIELD 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
02184192-4701361 FIELD 5495 ± 54 4.49 ± 0.14 0.79 ± 0.12 -0.22 ± 0.04
02184777-4705406 FIELD 5933 ± 84 4.34 ± 0.21 1.51 ± 0.14 -0.79 ± 0.07
02185019-4657175 FIELD 5021 ± 73 3.33 ± 0.23 0.74 ± 0.12 -0.41 ± 0.06
02185933-4705418 FIELD 5903 ± 74 4.47 ± 0.16 1.04 ± 0.12 -0.09 ± 0.06
02190407-4703298 FIELD 5728 ± 99 3.99 ± 0.21 0.96 ± 0.13 -0.21 ± 0.08
02192660-4658066 FIELD 5789 ± 60 4.14 ± 0.15 1.47 ± 0.10 -0.78 ± 0.05
02194792-4657310 FIELD 6181 ± 64 4.12 ± 0.14 1.28 ± 0.10 -1.01 ± 0.05
02191575-5356051 FIELD 5984 ± 102 4.48 ± 0.23 1.87 ± 0.19 -0.72 ± 0.08
02193613-5359578 FIELD 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
02200044-5407444 FIELD 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
02201356-5405113 FIELD 5448 ± 149 4.94 ± 0.36 1.89 ± 0.38 -0.52 ± 0.11
02203040-5357179 FIELD 5405 ± 120 4.65 ± 0.37 1.10 ± 0.20 0.06 ± 0.08
02204558-5403351 FIELD 5297 ± 79 4.09 ± 0.22 1.12 ± 0.12 -0.24 ± 0.06
02293243-0323348 FIELD 5944 ± 56 4.31 ± 0.15 1.42 ± 0.10 -0.78 ± 0.05
02293252-0324475 FIELD 5337 ± 98 4.55 ± 0.24 0.77 ± 0.21 0.02 ± 0.07
02294307-0328342 FIELD 6318 ± 39 4.28 ± 0.08 1.39 ± 0.05 -0.40 ± 0.03
02294518-0322119 FIELD 6071 ± 42 4.16 ± 0.09 1.38 ± 0.05 -0.44 ± 0.03
02300408-0328068 FIELD 5895 ± 44 4.16 ± 0.09 1.08 ± 0.07 -0.38 ± 0.04
02301556-0318346 FIELD 6049 ± 36 4.03 ± 0.07 1.39 ± 0.05 -0.76 ± 0.03
02390301-0103520 FIELD 5458 ± 119 4.58 ± 0.25 0.61 ± 0.29 0.08 ± 0.09
02391814-0057427 FIELD 5867 ± 65 4.34 ± 0.15 1.32 ± 0.09 -0.06 ± 0.05
02392337-0057501 FIELD 5435 ± 74 4.44 ± 0.18 0.76 ± 0.16 -0.14 ± 0.06
02392595-0109184 FIELD 5246 ± 101 4.71 ± 0.34 1.08 ± 0.20 -0.15 ± 0.06
02394522-0103509 FIELD 5334 ± 109 4.33 ± 0.25 0.50 ± 0.31 -0.07 ± 0.09
02395169-0108259 FIELD 5285 ± 139 4.62 ± 0.35 1.06 ± 0.24 0.23 ± 0.08
02394864-4655081 FIELD 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
02401338-4655349 FIELD 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
02401464-4700406 FIELD 5327 ± 107 4.81 ± 0.40 1.50 ± 0.21 -0.27 ± 0.06
02403030-4657125 FIELD 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
02405102-4700267 FIELD 5810 ± 88 4.55 ± 0.21 1.29 ± 0.13 0.28 ± 0.07
02405259-4650154 FIELD 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
02553240-0029068 FIELD 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
02553300-0035075 FIELD 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
02554980-0039149 FIELD 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
02555100-0025430 FIELD 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
02561410-0029286 FIELD 4803 ± 41 2.52 ± 0.15 1.13 ± 0.05 -0.81 ± 0.04
02561600-0032116 FIELD 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
02563070-0020204 FIELD 5995 ± 115 4.74 ± 0.24 1.46 ± 0.22 -0.42 ± 0.10
02553236-0029067 FIELD 5000 ± 109 4.44 ± 0.37 1.11 ± 0.19 -0.10 ± 0.05
02553295-0035074 FIELD 5895 ± 46 4.39 ± 0.11 0.89 ± 0.08 -0.23 ± 0.03
02553760-0032010 FIELD 6798 ± 63 4.15 ± 0.11 1.86 ± 0.10 -0.56 ± 0.04
02554577-0022152 FIELD 5625 ± 53 4.54 ± 0.15 0.97 ± 0.09 0.03 ± 0.04
02555095-0025429 FIELD 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
02555981-0033141 FIELD 5979 ± 99 3.87 ± 0.23 1.18 ± 0.12 -0.65 ± 0.07
02561413-0029285 FIELD 4817 ± 39 2.68 ± 0.13 1.08 ± 0.05 -0.78 ± 0.03
02594339-4653494 FIELD 5637 ± 50 4.46 ± 0.13 0.75 ± 0.10 -0.19 ± 0.04
02595007-4651582 FIELD 5969 ± 60 4.49 ± 0.15 1.16 ± 0.10 -0.12 ± 0.04
03000200-4649104 FIELD 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
03001322-4656026 FIELD 5828 ± 66 3.98 ± 0.17 1.07 ± 0.09 -0.63 ± 0.05
03002899-4651139 FIELD 5570 ± 100 4.33 ± 0.27 0.64 ± 0.28 -0.61 ± 0.11
03003436-4655265 FIELD 5540 ± 74 3.95 ± 0.18 1.01 ± 0.10 -0.52 ± 0.06
03085599-5003056 FIELD 5844 ± 56 4.22 ± 0.12 1.05 ± 0.08 -0.21 ± 0.04
03091786-5007069 FIELD 6464 ± 63 4.27 ± 0.10 1.82 ± 0.09 -0.44 ± 0.04
03093825-5014224 FIELD 5189 ± 82 2.92 ± 0.23 1.27 ± 0.10 -1.06 ± 0.08
03100690-5000169 FIELD 6146 ± 50 4.41 ± 0.13 1.14 ± 0.07 -0.21 ± 0.04
03102908-5011104 FIELD 5780 ± 76 4.56 ± 0.25 1.20 ± 0.13 -0.25 ± 0.06
03173146-0018150 FIELD 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
03173493-0022132 FIELD 5009 ± 44 3.19 ± 0.16 0.88 ± 0.06 -0.66 ± 0.04
03173852-0027574 FIELD 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
03175670-0035068 FIELD 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
03180223-0017027 FIELD 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
03180896-0029275 FIELD 6475 ± 96 3.78 ± 0.15 1.65 ± 0.11 -0.54 ± 0.06
03180911-0019440 FIELD 4994 ± 61 3.27 ± 0.18 0.79 ± 0.09 -0.55 ± 0.05
03192206-4703080 FIELD 5548 ± 73 4.48 ± 0.15 0.95 ± 0.13 0.00 ± 0.05
03193916-4656127 FIELD 5598 ± 72 4.62 ± 0.19 0.84 ± 0.15 -0.21 ± 0.06
03194128-4705283 FIELD 5736 ± 86 4.52 ± 0.19 1.23 ± 0.13 0.24 ± 0.06
03194231-4655364 FIELD 5358 ± 136 4.36 ± 0.31 0.82 ± 0.26 0.33 ± 0.10
03200828-4701313 FIELD 5722 ± 54 4.52 ± 0.12 0.85 ± 0.11 -0.18 ± 0.04
03203463-4653228 FIELD 6051 ± 60 4.36 ± 0.16 1.57 ± 0.10 -0.76 ± 0.05
03205104-4659420 FIELD 5464 ± 147 3.93 ± 0.32 0.73 ± 0.36 -0.37 ± 0.17
03294578-5001311 FIELD 5582 ± 124 4.51 ± 0.30 0.84 ± 0.31 -0.31 ± 0.12
03295784-5011058 FIELD 5196 ± 119 4.53 ± 0.34 1.07 ± 0.20 0.04 ± 0.07
03300685-5003183 FIELD 5080 ± 143 4.39 ± 0.38 0.70 ± 0.30 -0.51 ± 0.10
03303323-5006437 FIELD 5766 ± 64 4.41 ± 0.17 1.02 ± 0.10 0.29 ± 0.05
03304901-5004555 FIELD 5489 ± 90 4.49 ± 0.21 0.76 ± 0.18 0.13 ± 0.07
03305165-5006033 FIELD 5572 ± 84 4.35 ± 0.20 1.06 ± 0.13 0.22 ± 0.06
03372526-2724127 FIELD 5795 ± 100 4.19 ± 0.24 1.74 ± 0.16 -2.37 ± 0.09
03373621-2726076 FIELD 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
03373965-2721214 FIELD 6289 ± 205 4.58 ± 0.35 0.19 ± 0.75 -1.25 ± 0.15
03374472-2729124 FIELD 6285 ± 132 4.04 ± 0.22 1.67 ± 0.17 -0.61 ± 0.09
142 CHAPTER A. Appendix
Table A.12: A.12 – Continued
NAME TARGET Teff (K) log g (dex) ξ (km s
−1) [Fe/H] (dex)
03375199-2732410 FIELD 5671 ± 72 4.36 ± 0.18 0.86 ± 0.12 0.00 ± 0.06
03375446-2723124 FIELD 5728 ± 47 4.08 ± 0.12 0.87 ± 0.09 -0.38 ± 0.05
03392786+0003343 FIELD 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
03394563+0008017 FIELD 5870 ± 68 4.34 ± 0.16 1.07 ± 0.10 0.35 ± 0.05
03395041-0001523 FIELD 6101 ± 55 4.48 ± 0.13 1.50 ± 0.09 -0.57 ± 0.04
03395345+0010538 FIELD 5667 ± 52 4.43 ± 0.12 0.83 ± 0.09 0.03 ± 0.04
03400967+0000375 FIELD 5803 ± 107 4.52 ± 0.21 0.87 ± 0.25 -0.33 ± 0.11
03401027+0002559 FIELD 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
03401039+0006307 FIELD 6145 ± 48 4.13 ± 0.10 1.48 ± 0.06 -0.15 ± 0.04
03385609-4700202 FIELD 5688 ± 71 3.95 ± 0.18 1.04 ± 0.09 -0.48 ± 0.06
03390104-4707447 FIELD 5902 ± 56 4.41 ± 0.13 1.01 ± 0.08 -0.13 ± 0.04
03391869-4703239 FIELD 5566 ± 60 4.50 ± 0.17 0.86 ± 0.12 -0.16 ± 0.05
03392335-4657541 FIELD 5994 ± 61 4.38 ± 0.13 1.10 ± 0.09 0.09 ± 0.05
03394069-4657544 FIELD 5954 ± 107 4.85 ± 0.25 1.66 ± 0.19 0.11 ± 0.08
03395831-4707541 FIELD 5280 ± 110 4.63 ± 0.25 0.70 ± 0.26 -0.11 ± 0.08
03401270-4703481 FIELD 6465 ± 157 4.25 ± 0.26 2.30 ± 0.41 -0.96 ± 0.10
03492842-5012093 FIELD 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
03494871-5004534 FIELD 5765 ± 100 4.46 ± 0.26 1.10 ± 0.14 0.07 ± 0.08
03495714-5006280 FIELD 4991 ± 202 4.57 ± 0.48 0.88 ± 0.42 -0.07 ± 0.10
03504762-5001162 FIELD 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
03505367-5006354 FIELD 6065 ± 94 4.20 ± 0.21 1.75 ± 0.16 -0.59 ± 0.08
03590904-4649376 FIELD 6036 ± 65 4.47 ± 0.13 1.32 ± 0.10 -0.12 ± 0.05
03591013-4658369 FIELD 6229 ± 143 4.28 ± 0.31 2.29 ± 0.35 -0.80 ± 0.10
03594274-4700363 FIELD 5744 ± 46 4.22 ± 0.10 0.96 ± 0.07 -0.15 ± 0.03
03594952-4700313 FIELD 6003 ± 63 4.42 ± 0.14 1.23 ± 0.10 -0.23 ± 0.05
04000357-4652095 FIELD 5896 ± 57 4.21 ± 0.14 1.31 ± 0.07 -0.11 ± 0.04
04001201-4701234 FIELD 5899 ± 43 4.41 ± 0.12 0.86 ± 0.07 -0.28 ± 0.03
04091344-5014139 FIELD 5820 ± 35 4.16 ± 0.10 1.07 ± 0.05 -0.71 ± 0.03
04092383-5000195 FIELD 5805 ± 57 4.36 ± 0.13 1.16 ± 0.09 -0.20 ± 0.04
04095521-5012445 FIELD 5890 ± 47 4.42 ± 0.11 0.79 ± 0.08 -0.07 ± 0.04
04100878-5009416 FIELD 5779 ± 66 4.41 ± 0.15 1.12 ± 0.09 0.33 ± 0.05
04103771-5001535 FIELD 5227 ± 80 4.50 ± 0.23 0.66 ± 0.18 -0.10 ± 0.05
04104666-5007306 FIELD 5694 ± 54 4.11 ± 0.13 0.90 ± 0.10 -0.41 ± 0.06
04192464-0024380 FIELD 5887 ± 60 4.34 ± 0.21 1.00 ± 0.09 -0.07 ± 0.05
04193516-0020299 FIELD 5910 ± 69 4.55 ± 0.15 1.47 ± 0.11 0.04 ± 0.05
04195725-0018332 FIELD 5356 ± 93 4.53 ± 0.22 0.89 ± 0.17 0.04 ± 0.06
04195761-0025261 FIELD 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
04200643-0020274 FIELD 6155 ± 54 4.33 ± 0.13 1.31 ± 0.07 -0.02 ± 0.04
04200948-0015371 FIELD 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
04202910-0019338 FIELD 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
04301128-5005087 FIELD 5838 ± 51 4.27 ± 0.12 1.00 ± 0.07 -0.10 ± 0.04
04301327-5001191 FIELD 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
04302280-5008330 FIELD 6101 ± 45 4.17 ± 0.09 1.56 ± 0.06 -0.60 ± 0.04
04303830-5000501 FIELD 5750 ± 73 4.57 ± 0.17 0.97 ± 0.13 -0.08 ± 0.06
04304268-5008065 FIELD 5383 ± 105 4.32 ± 0.23 0.85 ± 0.19 0.28 ± 0.08
04305198-5011331 FIELD 6009 ± 50 4.40 ± 0.11 1.08 ± 0.07 -0.20 ± 0.04
04312481-5004021 FIELD 5805 ± 53 4.44 ± 0.12 0.94 ± 0.08 -0.03 ± 0.04
04385551-5005269 FIELD 5761 ± 79 4.30 ± 0.19 1.21 ± 0.11 0.12 ± 0.06
04394176-5009073 FIELD 6408 ± 73 4.06 ± 0.12 1.83 ± 0.09 -0.08 ± 0.05
04395255-5012421 FIELD 5586 ± 55 4.36 ± 0.13 0.68 ± 0.12 -0.17 ± 0.04
04400678-5000458 FIELD 6044 ± 49 4.11 ± 0.11 1.42 ± 0.06 0.03 ± 0.04
04402539-5010150 FIELD 5418 ± 98 4.56 ± 0.21 0.60 ± 0.25 -0.19 ± 0.08
04404516-5000313 FIELD 5655 ± 92 4.59 ± 0.23 1.20 ± 0.15 0.09 ± 0.07
04410699-5006545 FIELD 5445 ± 97 4.45 ± 0.22 0.99 ± 0.17 0.30 ± 0.07
04591551-5202392 FIELD 5850 ± 48 4.36 ± 0.11 0.95 ± 0.08 0.12 ± 0.04
04594629-5207152 FIELD 5943 ± 69 4.27 ± 0.16 1.20 ± 0.09 0.01 ± 0.05
04594968-5207156 FIELD 5601 ± 82 4.24 ± 0.18 0.72 ± 0.21 -0.36 ± 0.09
05000360-5152369 FIELD 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
05002559-5206400 FIELD 5761 ± 45 4.18 ± 0.13 1.14 ± 0.07 -0.78 ± 0.04
05003512-5203206 FIELD 6343 ± 85 4.30 ± 0.20 2.14 ± 0.14 -0.56 ± 0.06
05004600-5157308 FIELD 5864 ± 67 4.63 ± 0.19 1.34 ± 0.11 -0.09 ± 0.05
04594910-5207564 FIELD 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
04594970-5207156 FIELD 5574 ± 77 4.22 ± 0.17 0.47 ± 0.24 -0.32 ± 0.09
04595520-5159408 FIELD 5975 ± 46 4.48 ± 0.10 0.89 ± 0.08 0.03 ± 0.04
04595970-5205103 FIELD 5723 ± 78 4.02 ± 0.16 0.84 ± 0.11 -0.19 ± 0.06
05000360-5152370 FIELD 6514 ± 115 4.30 ± 0.20 2.33 ± 0.22 -0.18 ± 0.07
05002660-5202256 FIELD 4907 ± 174 4.58 ± 0.53 0.79 ± 0.41 -0.22 ± 0.08
05003510-5203207 FIELD 6339 ± 93 4.28 ± 0.24 2.22 ± 0.16 -0.58 ± 0.06
05192739-5358157 FIELD 6201 ± 91 4.47 ± 0.26 1.89 ± 0.16 -0.47 ± 0.07
05194332-5408339 FIELD 6122 ± 57 4.41 ± 0.13 1.18 ± 0.08 -0.09 ± 0.04
05194619-5409426 FIELD 5764 ± 115 3.96 ± 0.24 1.07 ± 0.14 -0.24 ± 0.09
05201305-5415029 FIELD 5999 ± 53 4.34 ± 0.11 1.30 ± 0.08 -0.23 ± 0.04
05201787-5406155 FIELD 5796 ± 74 4.30 ± 0.18 1.39 ± 0.10 0.19 ± 0.06
05204109-5406031 FIELD 5662 ± 108 4.30 ± 0.23 0.63 ± 0.31 -0.34 ± 0.12
05210150-5359422 FIELD 5710 ± 72 4.32 ± 0.19 1.02 ± 0.15 -0.44 ± 0.07
07033617-4229583 FIELD 6625 ± 158 4.80 ± 0.33 2.21 ± 0.29 0.00 ± 0.10
07035226-4228018 FIELD 5669 ± 68 4.54 ± 0.16 1.37 ± 0.11 -0.01 ± 0.05
07035810-4232141 FIELD 6637 ± 87 4.18 ± 0.16 2.40 ± 0.16 -0.29 ± 0.05
07040713-4235207 FIELD 6589 ± 108 3.81 ± 0.16 1.87 ± 0.08 -0.30 ± 0.07
07041990-4224132 FIELD 5336 ± 111 4.51 ± 0.26 1.02 ± 0.19 0.04 ± 0.08
07042865-4232068 FIELD 5720 ± 70 4.14 ± 0.18 1.25 ± 0.09 0.02 ± 0.06
07043067-4237204 FIELD 6009 ± 66 4.48 ± 0.16 1.58 ± 0.11 -0.41 ± 0.06
07202470-0022310 FIELD 6639 ± 114 4.69 ± 0.24 2.44 ± 0.24 -0.52 ± 0.07
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07203700-0031573 FIELD 5948 ± 59 4.55 ± 0.13 1.24 ± 0.09 0.03 ± 0.05
07204293-0034389 FIELD 5686 ± 88 4.70 ± 0.24 1.24 ± 0.15 0.03 ± 0.06
07204837-0035137 FIELD 5901 ± 57 4.47 ± 0.14 1.00 ± 0.09 0.09 ± 0.04
07210217-0030130 FIELD 6373 ± 56 4.29 ± 0.11 1.68 ± 0.08 -0.36 ± 0.04
07210343-0021476 FIELD 6014 ± 68 4.43 ± 0.16 1.07 ± 0.11 -0.24 ± 0.05
07211345-0034280 FIELD 5467 ± 79 3.69 ± 0.18 0.78 ± 0.11 -0.26 ± 0.07
07444655-4235508 FIELD 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
07445438-4232321 FIELD 6616 ± 189 4.46 ± 0.44 2.87 ± 0.13 -0.33 ± 0.11
07451083-4229336 FIELD 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
07451859-4230325 FIELD 6043 ± 75 4.43 ± 0.18 1.47 ± 0.11 -0.14 ± 0.05
07452069-4234390 FIELD 5064 ± 150 4.56 ± 0.42 1.12 ± 0.25 -0.08 ± 0.07
07452778-4227198 FIELD 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
07453306-4231374 FIELD 5488 ± 118 4.39 ± 0.27 1.62 ± 0.18 0.04 ± 0.08
07553858-0901268 FIELD 6549 ± 74 4.41 ± 0.14 2.05 ± 0.11 -0.06 ± 0.05
07554697-0900176 FIELD 5485 ± 71 4.63 ± 0.15 0.77 ± 0.15 -0.15 ± 0.05
07555511-0859165 FIELD 6077 ± 74 4.43 ± 0.19 1.33 ± 0.11 -0.13 ± 0.05
07555951-0908398 FIELD 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
07560243-0902409 FIELD 5651 ± 101 4.81 ± 0.23 1.02 ± 0.21 0.05 ± 0.07
07562014-0905179 FIELD 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
07562515-0900020 FIELD 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
07593946-0028345 FIELD 6462 ± 52 4.03 ± 0.12 1.75 ± 0.07 -0.50 ± 0.03
07594348-0035377 FIELD 6428 ± 68 4.44 ± 0.18 1.95 ± 0.11 -0.56 ± 0.05
08000517-0034337 FIELD 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
08000728-0021536 FIELD 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
08000931-0034325 FIELD 6329 ± 105 3.64 ± 0.25 1.80 ± 0.12 -0.48 ± 0.07
08002562-0023500 FIELD 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
08003075-0029292 FIELD 6030 ± 90 3.89 ± 0.16 1.38 ± 0.09 -0.20 ± 0.07
08225284-0525600 FIELD 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
08225387-0532138 FIELD 6420 ± 79 4.15 ± 0.17 1.95 ± 0.13 -0.21 ± 0.05
08230341-0531447 FIELD 6177 ± 69 4.38 ± 0.13 1.31 ± 0.09 0.00 ± 0.05
08231542-0535165 FIELD 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
08233699-0531175 FIELD 6208 ± 59 4.22 ± 0.11 1.47 ± 0.08 0.05 ± 0.04
08233762-0536506 FIELD 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
08393608-0030520 FIELD 6448 ± 56 4.52 ± 0.11 1.65 ± 0.08 0.15 ± 0.04
08395014-0027020 FIELD 6145 ± 46 4.28 ± 0.10 1.32 ± 0.06 0.00 ± 0.03
08400204-0032046 FIELD 5649 ± 87 4.49 ± 0.20 0.69 ± 0.19 -0.08 ± 0.07
08400344-0022536 FIELD 6080 ± 56 4.20 ± 0.14 1.34 ± 0.07 0.01 ± 0.04
08401945-0033298 FIELD 6478 ± 66 4.30 ± 0.13 1.90 ± 0.10 -0.16 ± 0.04
08402043-0032385 FIELD 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
08402581-0023514 FIELD 5762 ± 57 4.33 ± 0.15 1.11 ± 0.08 0.21 ± 0.04
08394513-0805514 FIELD 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
08395401-0757136 FIELD 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
08395409-0800135 FIELD 5646 ± 64 4.49 ± 0.14 0.72 ± 0.14 -0.13 ± 0.05
08395440-0804049 FIELD 6483 ± 97 4.42 ± 0.20 2.14 ± 0.20 -0.62 ± 0.06
08400956-0754151 FIELD 5844 ± 68 4.39 ± 0.18 1.02 ± 0.11 -0.25 ± 0.05
08401147-0804588 FIELD 6000 ± 53 4.22 ± 0.11 1.32 ± 0.06 -0.01 ± 0.04
08401553-0759016 FIELD 5814 ± 70 4.58 ± 0.20 1.00 ± 0.11 0.07 ± 0.06
09274070-0030553 FIELD 6694 ± 79 4.65 ± 0.15 1.92 ± 0.12 -0.08 ± 0.05
09274630-0026561 FIELD 5252 ± 133 4.55 ± 0.33 1.10 ± 0.22 0.32 ± 0.08
09275330-0039387 FIELD 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
09275390-0026311 FIELD 5302 ± 90 4.58 ± 0.25 0.99 ± 0.16 -0.01 ± 0.06
09280230-0028106 FIELD 5108 ± 126 4.35 ± 0.32 0.85 ± 0.23 0.11 ± 0.08
09281350-0030386 FIELD 5051 ± 64 3.41 ± 0.19 0.59 ± 0.12 -0.33 ± 0.06
09282980-0030378 FIELD 5810 ± 41 4.47 ± 0.11 1.16 ± 0.07 -0.14 ± 0.03
09272162-0026042 FIELD 5883 ± 49 4.43 ± 0.10 0.86 ± 0.08 0.08 ± 0.04
09273370-0018455 FIELD 5912 ± 48 4.40 ± 0.10 0.90 ± 0.08 -0.42 ± 0.04
09274072-0030552 FIELD 6523 ± 94 4.36 ± 0.19 2.15 ± 0.18 -0.23 ± 0.06
09280240-0024326 FIELD 5951 ± 40 4.22 ± 0.13 1.23 ± 0.06 -0.64 ± 0.04
09280777-0021586 FIELD 5856 ± 58 4.05 ± 0.12 1.28 ± 0.08 -0.02 ± 0.05
09281013-0028530 FIELD 5843 ± 64 4.49 ± 0.15 1.24 ± 0.12 -0.50 ± 0.06
09282259-0027216 FIELD 5632 ± 59 4.33 ± 0.16 1.04 ± 0.09 -0.03 ± 0.05
09473303-1018485 FIELD 5643 ± 95 4.00 ± 0.22 1.04 ± 0.12 -0.01 ± 0.07
09473788-1024082 FIELD 5429 ± 83 4.32 ± 0.20 0.91 ± 0.20 -0.61 ± 0.09
09474471-1019532 FIELD 6241 ± 56 4.27 ± 0.11 1.49 ± 0.07 -0.45 ± 0.04
09474686-1022410 FIELD 5374 ± 97 4.50 ± 0.24 1.00 ± 0.16 0.13 ± 0.07
09475504-1027247 FIELD 5071 ± 68 2.42 ± 0.23 1.52 ± 0.07 -2.94 ± 0.08
09480514-1028501 FIELD 5509 ± 83 4.38 ± 0.20 1.08 ± 0.12 0.10 ± 0.06
09481905-1015365 FIELD 5316 ± 99 4.75 ± 0.22 0.61 ± 0.26 -0.24 ± 0.06
09591380-4102282 FIELD 6111 ± 70 4.62 ± 0.18 1.15 ± 0.11 -0.04 ± 0.05
09593250-4107258 FIELD 6188 ± 62 4.54 ± 0.13 1.13 ± 0.09 0.18 ± 0.05
09594820-4101594 FIELD 5173 ± 83 3.53 ± 0.22 1.12 ± 0.10 -0.01 ± 0.06
09594920-4109483 FIELD 5272 ± 88 4.55 ± 0.22 1.13 ± 0.16 0.07 ± 0.05
09595860-4106108 FIELD 5172 ± 87 4.58 ± 0.24 1.04 ± 0.15 0.01 ± 0.05
09595970-4057344 FIELD 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
10000530-4102219 FIELD 6153 ± 66 4.36 ± 0.13 1.25 ± 0.08 0.19 ± 0.05
09591950-4105178 FIELD 6228 ± 87 4.49 ± 0.20 1.77 ± 0.12 0.00 ± 0.06
09592773-4054107 FIELD 6381 ± 56 4.36 ± 0.11 1.51 ± 0.07 -0.01 ± 0.04
09594916-4109483 FIELD 5185 ± 93 4.50 ± 0.20 0.99 ± 0.16 0.07 ± 0.05
10000042-4050203 FIELD 5971 ± 107 4.69 ± 0.22 1.65 ± 0.17 0.19 ± 0.08
10002514-4059186 FIELD 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
10003080-4106181 FIELD 6040 ± 53 4.18 ± 0.13 1.40 ± 0.07 -0.69 ± 0.04
10004118-4053124 FIELD 6548 ± 117 4.85 ± 0.21 2.32 ± 0.22 0.05 ± 0.07
10074541-0750368 FIELD 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
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10080249-0801457 FIELD 5015 ± 130 4.40 ± 0.49 1.32 ± 0.20 -0.02 ± 0.06
10081277-0751406 FIELD 6040 ± 100 3.98 ± 0.21 1.33 ± 0.12 -0.37 ± 0.07
10081477-0758363 FIELD 5118 ± 128 4.67 ± 0.46 1.83 ± 0.25 -0.13 ± 0.06
10082038-0805505 FIELD 5723 ± 33 4.10 ± 0.10 0.93 ± 0.06 -0.57 ± 0.03
10084458-0752428 FIELD 5480 ± 116 4.14 ± 0.28 0.13 ± 0.52 -0.30 ± 0.14
10083397-4133003 FIELD 5947 ± 54 4.19 ± 0.15 1.29 ± 0.07 -0.11 ± 0.04
10085568-4126445 FIELD 6348 ± 66 4.32 ± 0.15 1.78 ± 0.10 -0.40 ± 0.05
10091577-4127155 FIELD 4984 ± 51 2.15 ± 0.21 1.65 ± 0.06 -2.74 ± 0.06
10092718-4128583 FIELD 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
10093074-4126541 FIELD 6249 ± 50 4.41 ± 0.11 1.21 ± 0.06 0.30 ± 0.04
10094475-4134206 FIELD 5845 ± 66 4.63 ± 0.14 1.14 ± 0.11 0.12 ± 0.05
10134536-4050512 FIELD 5544 ± 65 4.57 ± 0.14 1.00 ± 0.12 -0.15 ± 0.05
10134755-4043482 FIELD 6084 ± 56 4.31 ± 0.12 1.44 ± 0.09 -0.39 ± 0.05
10140017-4054309 FIELD 5206 ± 100 4.51 ± 0.23 0.89 ± 0.20 0.09 ± 0.06
10141228-4059481 FIELD 5476 ± 59 4.35 ± 0.14 0.66 ± 0.12 -0.05 ± 0.05
10142785-4052503 FIELD 4957 ± 42 2.18 ± 0.16 1.30 ± 0.06 -2.20 ± 0.07
10144572-4050005 FIELD 6150 ± 47 4.23 ± 0.11 1.33 ± 0.06 -0.01 ± 0.03
10274606-4051530 FIELD 6318 ± 92 4.46 ± 0.18 1.83 ± 0.15 -0.17 ± 0.06
10280551-4057014 FIELD 6408 ± 77 4.33 ± 0.16 1.89 ± 0.13 -0.62 ± 0.05
10281782-4107187 FIELD 5992 ± 73 4.34 ± 0.19 1.33 ± 0.09 -0.07 ± 0.05
10281957-4059441 FIELD 5802 ± 52 4.38 ± 0.15 0.92 ± 0.08 -0.21 ± 0.04
10284265-4055533 FIELD 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
10284532-4103123 FIELD 6578 ± 117 4.93 ± 0.26 2.24 ± 0.23 0.07 ± 0.07
10392650-4104417 FIELD 6172 ± 47 4.33 ± 0.10 1.17 ± 0.07 -0.09 ± 0.04
10394523-4100377 FIELD 5656 ± 94 4.59 ± 0.25 1.46 ± 0.14 0.01 ± 0.07
10394698-4105593 FIELD 5863 ± 78 4.53 ± 0.18 1.26 ± 0.12 0.13 ± 0.06
10394941-4059150 FIELD 5714 ± 64 4.11 ± 0.17 1.15 ± 0.09 0.38 ± 0.05
10395230-4100495 FIELD 5739 ± 72 3.84 ± 0.16 1.10 ± 0.07 -0.04 ± 0.06
10403651-4100397 FIELD 5759 ± 55 4.33 ± 0.13 1.01 ± 0.08 0.25 ± 0.04
10565723-1244551 FIELD 5752 ± 66 4.34 ± 0.14 1.19 ± 0.10 -0.12 ± 0.05
10572963-1242510 FIELD 5520 ± 83 4.43 ± 0.23 1.25 ± 0.13 -0.01 ± 0.06
10573012-1248188 FIELD 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
10573194-1254203 FIELD 5411 ± 85 4.14 ± 0.20 0.40 ± 0.28 -0.45 ± 0.10
10574920-1246054 FIELD 5889 ± 85 3.83 ± 0.23 1.32 ± 0.11 -0.64 ± 0.07
10575707-1251569 FIELD 5693 ± 49 4.09 ± 0.14 0.90 ± 0.08 -0.56 ± 0.05
10580371-1238105 FIELD 5100 ± 269 4.59 ± 0.62 0.77 ± 0.59 0.07 ± 0.17
10571435-1540444 FIELD 6419 ± 45 4.12 ± 0.09 1.64 ± 0.06 -0.44 ± 0.03
10573328-1536279 FIELD 6507 ± 90 4.35 ± 0.17 2.68 ± 0.20 -0.48 ± 0.06
10575255-1545350 FIELD 6540 ± 78 4.59 ± 0.16 1.90 ± 0.12 -0.11 ± 0.05
10575981-1533214 FIELD 5325 ± 100 4.27 ± 0.22 0.69 ± 0.25 -0.38 ± 0.10
10580638-1542390 FIELD 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
10580997-1535498 FIELD 5496 ± 128 4.20 ± 0.27 0.45 ± 0.39 -0.31 ± 0.15
10582129-1541416 FIELD 6201 ± 51 4.28 ± 0.10 1.47 ± 0.06 -0.19 ± 0.04
10592101-4106265 FIELD 5689 ± 59 4.40 ± 0.14 0.86 ± 0.10 0.23 ± 0.05
10594011-4055235 FIELD 5970 ± 62 4.34 ± 0.14 1.14 ± 0.08 0.02 ± 0.05
11000105-4103541 FIELD 5584 ± 60 4.33 ± 0.16 0.81 ± 0.11 0.16 ± 0.05
11000671-4052469 FIELD 5783 ± 41 4.34 ± 0.10 0.86 ± 0.08 -0.48 ± 0.04
11003187-4105473 FIELD 5775 ± 77 4.31 ± 0.18 1.11 ± 0.10 0.45 ± 0.06
11004237-4053156 FIELD 6202 ± 55 4.24 ± 0.12 1.41 ± 0.06 0.19 ± 0.04
11004534-4059191 FIELD 6142 ± 53 4.16 ± 0.12 1.38 ± 0.06 0.15 ± 0.04
10593060-4109396 FIELD 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
10595860-4058514 FIELD 4882 ± 202 3.56 ± 0.58 1.65 ± 0.23 0.07 ± 0.12
11000100-4103542 FIELD 5583 ± 68 4.40 ± 0.15 0.82 ± 0.12 0.15 ± 0.05
11001180-4108286 FIELD 6606 ± 155 4.60 ± 0.27 2.18 ± 0.24 -0.01 ± 0.11
11001590-4104262 FIELD 6430 ± 39 4.29 ± 0.09 1.46 ± 0.06 -0.24 ± 0.03
11002390-4101447 FIELD 5364 ± 57 4.50 ± 0.17 0.82 ± 0.11 -0.15 ± 0.04
11004320-4102153 FIELD 5693 ± 88 4.68 ± 0.22 1.07 ± 0.14 0.09 ± 0.07
11005289-1330090 FIELD 4467 ± 145 3.66 ± 0.71 1.41 ± 0.24 -0.55 ± 0.12
11005336-1328082 FIELD 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
11010481-1337506 FIELD 4785 ± 84 3.06 ± 0.25 1.07 ± 0.09 -0.28 ± 0.05
11011711-1331506 FIELD 5959 ± 40 4.39 ± 0.09 0.99 ± 0.08 -0.41 ± 0.04
11012733-1328554 FIELD 5064 ± 129 4.36 ± 0.34 0.65 ± 0.27 -0.03 ± 0.08
11012823-1335562 FIELD 5824 ± 59 4.26 ± 0.11 0.95 ± 0.12 -0.36 ± 0.06
11211158-1000559 FIELD 5391 ± 97 4.53 ± 0.21 0.84 ± 0.18 -0.07 ± 0.07
11212148-0953303 FIELD 5413 ± 63 3.87 ± 0.16 0.90 ± 0.09 -0.47 ± 0.05
11212323-1008505 FIELD 5641 ± 73 4.33 ± 0.18 1.05 ± 0.11 0.26 ± 0.06
11214703-0957090 FIELD 5780 ± 54 4.41 ± 0.12 0.88 ± 0.10 -0.07 ± 0.04
11215476-1009024 FIELD 5895 ± 54 4.20 ± 0.14 1.20 ± 0.07 -0.09 ± 0.04
11221923-1008500 FIELD 5621 ± 85 3.86 ± 0.19 1.05 ± 0.11 0.06 ± 0.07
11222899-1001564 FIELD 5484 ± 85 4.72 ± 0.23 0.74 ± 0.21 -0.24 ± 0.06
11264598-4056331 FIELD 6322 ± 156 4.02 ± 0.27 2.47 ± 0.33 -0.36 ± 0.10
11270584-4049019 FIELD 5981 ± 94 4.59 ± 0.29 1.48 ± 0.15 -0.19 ± 0.07
11274270-4102335 FIELD 5927 ± 88 4.50 ± 0.20 1.60 ± 0.13 0.07 ± 0.06
11275221-4051397 FIELD 6186 ± 77 4.58 ± 0.17 1.58 ± 0.12 -0.48 ± 0.06
11280921-4056341 FIELD 5854 ± 53 4.26 ± 0.12 1.11 ± 0.07 0.07 ± 0.04
11282259-4053087 FIELD 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
11282688-4106057 FIELD 5976 ± 68 4.49 ± 0.17 1.34 ± 0.09 0.21 ± 0.05
11311068-4354572 FIELD 6256 ± 52 4.13 ± 0.10 1.47 ± 0.06 -0.07 ± 0.03
11314285-4349222 FIELD 5520 ± 60 3.91 ± 0.20 0.87 ± 0.10 -0.44 ± 0.05
11320001-4359016 FIELD 6269 ± 50 4.17 ± 0.10 1.34 ± 0.06 0.21 ± 0.04
11320891-4359262 FIELD 5305 ± 120 4.55 ± 0.27 0.88 ± 0.23 0.14 ± 0.08
11323332-4400567 FIELD 5602 ± 46 4.53 ± 0.11 0.62 ± 0.12 -0.22 ± 0.04
11325946-4347464 FIELD 6488 ± 99 4.39 ± 0.17 2.11 ± 0.16 -0.25 ± 0.06
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11594533-0858553 FIELD 5223 ± 131 4.91 ± 0.48 1.66 ± 0.27 -0.25 ± 0.06
11595449-0901124 FIELD 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
11595678-0856248 FIELD 5471 ± 63 3.81 ± 0.20 0.89 ± 0.09 -0.43 ± 0.05
12001205-0854262 FIELD 5655 ± 53 4.45 ± 0.15 0.72 ± 0.11 -0.26 ± 0.04
12002911-0856502 FIELD 5472 ± 50 4.48 ± 0.15 0.85 ± 0.09 -0.20 ± 0.04
12003535-0853371 FIELD 5352 ± 87 4.16 ± 0.19 0.30 ± 0.33 -0.49 ± 0.09
12003846-0903309 FIELD 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
11590362-4059231 FIELD 6139 ± 65 4.35 ± 0.15 1.45 ± 0.09 -0.58 ± 0.05
11592545-4054387 FIELD 5712 ± 109 4.39 ± 0.24 1.46 ± 0.15 0.47 ± 0.08
11594748-4102266 FIELD 5613 ± 82 4.33 ± 0.20 1.04 ± 0.17 -0.59 ± 0.08
12000247-4108518 FIELD 6112 ± 54 4.27 ± 0.11 1.49 ± 0.08 -0.52 ± 0.04
12000646-4052156 FIELD 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
12000916-4101004 FIELD 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
12003721-4059565 FIELD 6303 ± 76 4.32 ± 0.14 1.48 ± 0.11 -0.17 ± 0.05
12112396-4052455 FIELD 5707 ± 85 4.22 ± 0.22 1.73 ± 0.12 -0.10 ± 0.06
12113900-4100097 FIELD 5742 ± 58 4.10 ± 0.14 1.11 ± 0.08 0.05 ± 0.05
12120522-4102019 FIELD 5894 ± 66 4.55 ± 0.15 1.36 ± 0.11 0.12 ± 0.05
12121130-4053255 FIELD 5303 ± 133 4.07 ± 0.31 0.41 ± 0.42 -0.31 ± 0.15
12122430-4104057 FIELD 6079 ± 64 4.40 ± 0.14 1.29 ± 0.08 0.30 ± 0.05
12123681-4055061 FIELD 5686 ± 62 4.50 ± 0.15 1.08 ± 0.11 0.07 ± 0.05
12124603-4101172 FIELD 5504 ± 62 4.33 ± 0.15 0.74 ± 0.12 -0.22 ± 0.05
12273243-4102593 FIELD 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
12273877-4056402 FIELD 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
12274958-4059055 FIELD 6670 ± 147 4.86 ± 0.23 1.89 ± 0.25 -0.06 ± 0.09
12275829-4101459 FIELD 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
12280354-4053543 FIELD 6068 ± 64 4.29 ± 0.12 1.30 ± 0.09 0.17 ± 0.05
12282943-4104196 FIELD 5641 ± 118 4.55 ± 0.27 0.72 ± 0.23 0.31 ± 0.10
12283321-4058401 FIELD 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
12421047-1311096 FIELD 6345 ± 40 4.35 ± 0.07 1.47 ± 0.07 -0.58 ± 0.03
12421921-1259225 FIELD 5531 ± 80 4.60 ± 0.19 0.83 ± 0.16 -0.24 ± 0.06
12422655-1309554 FIELD 6377 ± 219 4.70 ± 0.44 2.37 ± 0.63 -1.07 ± 0.14
12423899-1305127 FIELD 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
12424501-1300368 FIELD 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
12425928-1310011 FIELD 5565 ± 96 4.49 ± 0.21 0.83 ± 0.17 0.18 ± 0.07
12430728-1306202 FIELD 5585 ± 63 4.48 ± 0.15 0.69 ± 0.14 -0.01 ± 0.05
12425449-0557274 FIELD 5823 ± 54 4.30 ± 0.13 0.96 ± 0.08 -0.23 ± 0.04
12432111-0559412 FIELD 6112 ± 114 4.10 ± 0.25 1.57 ± 0.12 -0.34 ± 0.08
12433569-0554433 FIELD 5233 ± 119 4.14 ± 0.28 0.11 ± 0.58 -0.32 ± 0.14
12434854-0600510 FIELD 5456 ± 140 4.98 ± 0.36 1.78 ± 0.30 0.02 ± 0.08
12434862-0559378 FIELD 5518 ± 71 4.41 ± 0.17 0.73 ± 0.13 0.10 ± 0.06
12440116-0553324 FIELD 5486 ± 80 3.95 ± 0.19 0.82 ± 0.14 -0.32 ± 0.07
12433972-0856157 FIELD 5910 ± 78 4.38 ± 0.21 1.54 ± 0.12 -0.26 ± 0.06
12435347-0904522 FIELD 5787 ± 76 4.37 ± 0.16 0.82 ± 0.18 -0.34 ± 0.08
12435781-0905096 FIELD 5995 ± 56 4.34 ± 0.12 1.03 ± 0.10 -0.35 ± 0.05
12440327-0852435 FIELD 5660 ± 61 4.15 ± 0.15 1.16 ± 0.11 -0.51 ± 0.06
12442482-0855133 FIELD 5708 ± 40 4.24 ± 0.10 0.95 ± 0.08 -0.65 ± 0.04
12443193-0907589 FIELD 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
12443893-0859580 FIELD 6254 ± 98 4.60 ± 0.19 2.07 ± 0.19 -0.43 ± 0.07
12425131-4059588 FIELD 6197 ± 112 3.91 ± 0.21 1.55 ± 0.10 -0.06 ± 0.08
12431192-4053115 FIELD 5501 ± 141 4.40 ± 0.30 0.21 ± 0.60 -0.38 ± 0.16
12431536-4105194 FIELD 5858 ± 65 3.94 ± 0.16 1.40 ± 0.10 -0.84 ± 0.06
12433551-4054278 FIELD 5843 ± 107 4.43 ± 0.24 1.85 ± 0.20 -0.46 ± 0.10
12433897-4059433 FIELD 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
12434638-4100160 FIELD 5986 ± 90 4.65 ± 0.17 0.96 ± 0.16 0.11 ± 0.07
12440663-4059118 FIELD 5691 ± 102 4.28 ± 0.26 1.63 ± 0.17 0.04 ± 0.08
12551023-4523013 FIELD 6540 ± 146 4.27 ± 0.30 2.35 ± 0.28 -0.29 ± 0.09
12552621-4515306 FIELD 5788 ± 76 4.47 ± 0.15 1.03 ± 0.12 0.01 ± 0.06
12554185-4520337 FIELD 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
12555146-4507342 FIELD 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
12555808-4514252 FIELD 5896 ± 59 4.12 ± 0.13 1.24 ± 0.07 -0.13 ± 0.04
12560529-4514549 FIELD 6109 ± 50 4.41 ± 0.11 1.06 ± 0.07 0.06 ± 0.04
12562440-4518045 FIELD 6083 ± 56 4.44 ± 0.11 1.01 ± 0.08 -0.09 ± 0.04
13004020-4108286 FIELD 6180 ± 78 3.96 ± 0.20 1.80 ± 0.11 -0.35 ± 0.06
13004277-4101285 FIELD 6299 ± 103 4.19 ± 0.25 1.96 ± 0.15 -0.40 ± 0.08
13005083-4110326 FIELD 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
13005275-4103058 FIELD 6307 ± 71 4.53 ± 0.16 1.54 ± 0.09 -0.04 ± 0.05
13011600-4101507 FIELD 6014 ± 55 4.34 ± 0.11 1.01 ± 0.08 -0.16 ± 0.04
13012904-4057250 FIELD 5647 ± 69 4.34 ± 0.18 0.86 ± 0.12 0.06 ± 0.06
13013051-4102446 FIELD 6181 ± 41 4.23 ± 0.12 1.43 ± 0.06 -0.44 ± 0.03
13134733-4105053 FIELD 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
13140644-4055321 FIELD 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
13141020-4108361 FIELD 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
13142006-4051092 FIELD 6030 ± 113 4.33 ± 0.35 2.09 ± 0.18 -0.03 ± 0.08
13142990-4101187 FIELD 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
13143509-4101121 FIELD 6275 ± 93 4.37 ± 0.20 1.72 ± 0.14 -0.17 ± 0.06
13144300-4055129 FIELD 5764 ± 88 4.62 ± 0.30 1.55 ± 0.15 0.06 ± 0.06
13133606-4605171 FIELD 5532 ± 63 4.10 ± 0.16 1.00 ± 0.09 0.24 ± 0.05
13135100-4602464 FIELD 6570 ± 90 4.52 ± 0.20 2.07 ± 0.15 -0.09 ± 0.06
13135851-4600123 FIELD 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
13140845-4601011 FIELD 6097 ± 67 3.94 ± 0.13 1.41 ± 0.06 -0.21 ± 0.05
13142040-4604163 FIELD 5705 ± 71 4.45 ± 0.18 0.90 ± 0.12 0.15 ± 0.06
13142061-4554526 FIELD 5823 ± 46 4.18 ± 0.10 1.10 ± 0.06 -0.13 ± 0.04
13194414-0458581 FIELD 4926 ± 177 4.70 ± 0.50 1.03 ± 0.34 0.10 ± 0.07
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13195905-0503378 FIELD 5643 ± 52 4.10 ± 0.12 1.05 ± 0.07 -0.14 ± 0.04
13195962-0504057 FIELD 5730 ± 40 4.03 ± 0.11 0.91 ± 0.07 -0.40 ± 0.04
13200280-0500444 FIELD 5494 ± 73 4.54 ± 0.18 0.73 ± 0.17 -0.11 ± 0.06
13201402-0457203 FIELD 4752 ± 39 2.68 ± 0.15 1.15 ± 0.04 -0.62 ± 0.03
13201799-0503160 FIELD 5174 ± 123 3.60 ± 0.33 1.32 ± 0.15 -0.43 ± 0.10
13202466-0456274 FIELD 5748 ± 33 4.12 ± 0.10 0.99 ± 0.06 -0.77 ± 0.03
13193509-0854238 FIELD 5464 ± 175 3.94 ± 0.37 0.50 ± 0.47 -0.13 ± 0.16
13193852-0904185 FIELD 5321 ± 115 4.49 ± 0.25 0.75 ± 0.25 0.08 ± 0.08
13195579-0857381 FIELD 5492 ± 73 4.32 ± 0.18 0.70 ± 0.15 -0.28 ± 0.06
13195736-0857465 FIELD 5597 ± 62 4.48 ± 0.19 1.02 ± 0.11 -0.03 ± 0.05
13200158-0859442 FIELD 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
13202418-0851229 FIELD 4998 ± 81 2.76 ± 0.32 1.34 ± 0.09 -0.97 ± 0.08
13200081-1307156 FIELD 5808 ± 57 4.27 ± 0.14 0.96 ± 0.08 -0.01 ± 0.05
13200762-1310418 FIELD 6247 ± 42 4.32 ± 0.09 1.19 ± 0.06 -0.09 ± 0.03
13201683-1309137 FIELD 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
13202367-1311157 FIELD 5609 ± 67 4.54 ± 0.17 0.75 ± 0.14 -0.26 ± 0.05
13203825-1302399 FIELD 5510 ± 78 4.18 ± 0.20 1.05 ± 0.12 -0.26 ± 0.06
13204164-1307533 FIELD 5629 ± 57 4.46 ± 0.15 0.73 ± 0.12 -0.04 ± 0.05
13271874-4052025 FIELD 5816 ± 79 4.61 ± 0.23 1.25 ± 0.15 -0.24 ± 0.06
13272515-4106350 FIELD 5771 ± 82 4.17 ± 0.23 1.63 ± 0.12 -0.24 ± 0.06
13273039-4100391 FIELD 5823 ± 48 4.19 ± 0.13 1.15 ± 0.08 -0.83 ± 0.04
13274933-4107002 FIELD 5896 ± 70 4.27 ± 0.16 1.40 ± 0.09 0.12 ± 0.05
13275361-4052564 FIELD 5887 ± 54 4.33 ± 0.12 1.18 ± 0.07 -0.10 ± 0.04
13275486-4057031 FIELD 5457 ± 84 4.63 ± 0.18 0.93 ± 0.17 0.06 ± 0.06
13283218-4104593 FIELD 5810 ± 66 4.31 ± 0.16 0.78 ± 0.11 -0.16 ± 0.05
13292839-4348325 FIELD 6067 ± 57 4.47 ± 0.12 1.09 ± 0.08 0.22 ± 0.04
13294411-4353417 FIELD 5574 ± 72 4.11 ± 0.18 1.35 ± 0.12 -0.64 ± 0.07
13294567-4344212 FIELD 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
13300754-4356420 FIELD 5492 ± 138 4.68 ± 0.30 0.49 ± 0.43 -0.16 ± 0.11
13301360-4346323 FIELD 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
13301750-4349148 FIELD 6041 ± 81 4.39 ± 0.18 1.55 ± 0.11 0.11 ± 0.06
13304946-4356041 FIELD 6098 ± 53 4.24 ± 0.09 1.30 ± 0.07 -0.10 ± 0.04
13432852-4106600 FIELD 6272 ± 62 4.29 ± 0.12 1.73 ± 0.09 -0.47 ± 0.05
13433453-4100164 FIELD 5885 ± 76 4.51 ± 0.16 1.34 ± 0.11 0.08 ± 0.06
13434779-4055331 FIELD 5990 ± 57 4.37 ± 0.15 1.25 ± 0.08 0.34 ± 0.04
13435554-4108032 FIELD 6001 ± 66 4.24 ± 0.14 1.43 ± 0.08 0.46 ± 0.05
13442295-4053534 FIELD 5964 ± 54 4.16 ± 0.11 1.43 ± 0.07 -0.03 ± 0.04
13444998-4100139 FIELD 5880 ± 65 4.14 ± 0.14 1.38 ± 0.07 0.24 ± 0.05
13593100-1003043 FIELD 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
13594225-1000509 FIELD 5932 ± 67 4.49 ± 0.16 1.07 ± 0.10 0.16 ± 0.05
13594506-0956551 FIELD 5767 ± 65 4.54 ± 0.17 1.58 ± 0.13 -0.55 ± 0.06
13594578-1012095 FIELD 5824 ± 95 4.36 ± 0.20 1.12 ± 0.14 0.16 ± 0.07
14001684-1008136 FIELD 6165 ± 86 4.52 ± 0.18 1.78 ± 0.17 -0.31 ± 0.06
14002595-1003372 FIELD 5638 ± 58 3.72 ± 0.15 0.99 ± 0.08 -0.61 ± 0.05
14002672-0955306 FIELD 5938 ± 70 4.45 ± 0.14 1.10 ± 0.11 -0.01 ± 0.05
13592093-4058230 FIELD 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
13595236-4056444 FIELD 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
13595639-4054523 FIELD 5937 ± 49 4.31 ± 0.13 1.02 ± 0.07 0.01 ± 0.04
13595652-4101266 FIELD 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
14002385-4106447 FIELD 5697 ± 70 4.44 ± 0.17 1.09 ± 0.10 -0.05 ± 0.06
14003318-4054310 FIELD 5938 ± 53 3.99 ± 0.12 1.11 ± 0.06 -0.26 ± 0.04
14003998-4101098 FIELD 6474 ± 79 4.61 ± 0.14 1.58 ± 0.10 0.02 ± 0.05
13594827-4505011 FIELD 5808 ± 69 4.63 ± 0.15 0.99 ± 0.13 -0.18 ± 0.05
13594880-4507097 FIELD 5773 ± 64 4.36 ± 0.16 1.09 ± 0.09 -0.22 ± 0.05
13595382-4459171 FIELD 6158 ± 48 4.28 ± 0.10 1.36 ± 0.06 -0.24 ± 0.03
14000592-4501373 FIELD 6480 ± 117 4.16 ± 0.19 1.98 ± 0.19 -0.29 ± 0.07
14003302-4507367 FIELD 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
14003683-4454349 FIELD 6092 ± 59 4.12 ± 0.13 1.57 ± 0.08 -0.09 ± 0.04
14193158-0500186 FIELD 4816 ± 108 2.85 ± 0.40 0.20 ± 0.28 -0.76 ± 0.09
14194521-0506063 FIELD 4812 ± 113 2.99 ± 0.40 1.26 ± 0.11 -0.24 ± 0.08
14195459-0501014 FIELD 5625 ± 79 4.52 ± 0.17 1.22 ± 0.13 0.13 ± 0.06
14200037-0510055 FIELD 6020 ± 85 4.41 ± 0.17 1.80 ± 0.14 -0.53 ± 0.07
14201180-0455202 FIELD 5879 ± 68 4.49 ± 0.16 1.41 ± 0.11 -0.17 ± 0.05
14202898-0501240 FIELD 5833 ± 58 4.25 ± 0.15 1.19 ± 0.08 -0.07 ± 0.04
14203209-0508173 FIELD 5896 ± 120 4.75 ± 0.24 1.51 ± 0.21 0.10 ± 0.09
14193862-4101330 FIELD 5715 ± 73 3.83 ± 0.15 0.96 ± 0.09 -0.11 ± 0.06
14195087-4101062 FIELD 5998 ± 59 4.18 ± 0.15 1.41 ± 0.08 -0.18 ± 0.04
14195356-4104060 FIELD 6095 ± 76 4.47 ± 0.16 1.46 ± 0.12 -0.24 ± 0.05
14200272-4057197 FIELD 6028 ± 72 4.39 ± 0.16 1.21 ± 0.08 0.29 ± 0.05
14201729-4103543 FIELD 6014 ± 59 4.22 ± 0.12 1.32 ± 0.09 -0.25 ± 0.05
14203581-4100207 FIELD 6740 ± 140 4.87 ± 0.26 2.23 ± 0.32 -0.18 ± 0.08
14204009-4052363 FIELD 6185 ± 70 4.44 ± 0.16 1.40 ± 0.10 0.03 ± 0.05
14205290-4406494 FIELD 5924 ± 79 4.56 ± 0.16 1.05 ± 0.14 -0.11 ± 0.06
14212296-4407366 FIELD 5601 ± 42 3.51 ± 0.14 1.11 ± 0.05 -0.49 ± 0.04
14214860-4408399 FIELD 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
14222407-4416571 FIELD 5640 ± 125 4.81 ± 0.33 1.34 ± 0.23 -0.08 ± 0.09
14222634-4409588 FIELD 5985 ± 44 4.24 ± 0.09 0.99 ± 0.06 0.05 ± 0.03
14222902-4402086 FIELD 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
14280148-0856546 FIELD 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
14280264-0906440 FIELD 5815 ± 138 2.60 ± 0.26 1.98 ± 0.22 -1.11 ± 0.11
14280308-0857396 FIELD 6002 ± 66 4.23 ± 0.13 1.47 ± 0.09 0.10 ± 0.05
14280336-0854568 FIELD 5534 ± 80 3.83 ± 0.22 1.12 ± 0.11 -0.41 ± 0.07
14281848-0906432 FIELD 5560 ± 97 4.44 ± 0.24 1.08 ± 0.16 0.13 ± 0.07
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14282194-0855543 FIELD 5517 ± 129 4.83 ± 0.31 1.40 ± 0.25 -0.06 ± 0.08
14391988-4107062 FIELD 6252 ± 118 4.09 ± 0.21 1.80 ± 0.17 -0.32 ± 0.08
14395889-4109463 FIELD 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
14395969-4056193 FIELD 5614 ± 81 4.56 ± 0.20 0.74 ± 0.17 0.15 ± 0.06
14400001-4059303 FIELD 5788 ± 61 4.37 ± 0.15 1.04 ± 0.09 -0.01 ± 0.05
14400683-4056304 FIELD 6054 ± 80 4.17 ± 0.17 0.98 ± 0.12 -0.55 ± 0.07
14402286-4105417 FIELD 5893 ± 70 4.35 ± 0.16 1.23 ± 0.09 0.11 ± 0.05
14402334-4058359 FIELD 6396 ± 86 4.55 ± 0.18 1.80 ± 0.12 0.21 ± 0.06
14405230-4006148 FIELD 6365 ± 53 4.00 ± 0.10 1.59 ± 0.07 -0.25 ± 0.03
14405722-4004144 FIELD 5921 ± 51 3.97 ± 0.13 1.33 ± 0.06 0.09 ± 0.04
14410090-4007413 FIELD 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
14411201-4016545 FIELD 5778 ± 84 4.16 ± 0.19 1.30 ± 0.11 -0.17 ± 0.07
14411345-4006413 FIELD 6042 ± 64 4.22 ± 0.12 1.38 ± 0.08 0.04 ± 0.05
14412221-4009546 FIELD 6316 ± 59 4.28 ± 0.11 1.44 ± 0.07 -0.02 ± 0.04
14571813-4053145 FIELD 6390 ± 87 4.57 ± 0.16 1.80 ± 0.13 0.00 ± 0.06
14572655-4056351 FIELD 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
14572829-4100402 FIELD 5689 ± 89 4.56 ± 0.20 0.77 ± 0.19 0.01 ± 0.07
14575457-4054424 FIELD 5687 ± 76 4.20 ± 0.20 1.22 ± 0.09 0.17 ± 0.06
14581143-4056574 FIELD 6616 ± 127 4.47 ± 0.23 2.14 ± 0.21 -0.20 ± 0.08
14582064-4104055 FIELD 6075 ± 62 4.42 ± 0.13 1.00 ± 0.08 0.29 ± 0.05
14582292-4100457 FIELD 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
15013785-0955557 FIELD 5826 ± 38 4.12 ± 0.10 1.12 ± 0.06 -0.57 ± 0.04
15014421-0953034 FIELD 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
15014634-0956478 FIELD 5813 ± 56 4.24 ± 0.14 0.76 ± 0.13 -0.33 ± 0.06
15016000-0948004 FIELD 5429 ± 100 4.75 ± 0.36 1.14 ± 0.19 -0.24 ± 0.07
15020133-0958208 FIELD 5811 ± 93 4.39 ± 0.23 1.65 ± 0.20 -0.98 ± 0.08
15020363-0959258 FIELD 5602 ± 94 4.43 ± 0.22 0.97 ± 0.15 0.20 ± 0.07
15023139-0957459 FIELD 5455 ± 207 4.62 ± 0.45 0.84 ± 0.56 -0.66 ± 0.20
15050539-3955053 FIELD 5945 ± 76 4.43 ± 0.16 0.83 ± 0.13 0.25 ± 0.06
15050864-4003413 FIELD 5520 ± 93 4.19 ± 0.22 0.94 ± 0.14 0.48 ± 0.07
15052810-4000257 FIELD 5798 ± 51 4.20 ± 0.11 1.23 ± 0.08 -0.65 ± 0.05
15053288-4000050 FIELD 6101 ± 72 4.61 ± 0.16 1.46 ± 0.10 0.23 ± 0.05
15055095-3955114 FIELD 5909 ± 81 4.52 ± 0.17 0.83 ± 0.15 0.01 ± 0.06
15061513-4000422 FIELD 5668 ± 77 4.34 ± 0.19 1.21 ± 0.11 0.35 ± 0.06
15104258-4058579 FIELD 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
15110636-4046117 FIELD 5687 ± 98 3.79 ± 0.21 1.10 ± 0.11 -0.08 ± 0.08
15112058-4058231 FIELD 5564 ± 77 4.27 ± 0.20 1.22 ± 0.12 -0.10 ± 0.06
15112342-4053448 FIELD 6163 ± 92 4.41 ± 0.18 1.68 ± 0.13 -0.06 ± 0.07
15113458-4043272 FIELD 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
15120868-4059303 FIELD 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
15121943-4051575 FIELD 5636 ± 91 3.95 ± 0.24 1.12 ± 0.13 -0.50 ± 0.08
15163870-4129328 FIELD 5644 ± 66 3.87 ± 0.15 0.95 ± 0.08 -0.21 ± 0.06
15165087-4130096 FIELD 5802 ± 51 4.45 ± 0.13 0.99 ± 0.08 -0.03 ± 0.04
15170683-4131223 FIELD 6011 ± 46 4.28 ± 0.10 1.13 ± 0.07 -0.01 ± 0.04
15171758-4137356 FIELD 5281 ± 143 4.24 ± 0.32 1.49 ± 0.24 0.27 ± 0.09
15174505-4126151 FIELD 6275 ± 53 4.45 ± 0.14 1.40 ± 0.07 0.05 ± 0.04
15175238-4131283 FIELD 5728 ± 68 4.42 ± 0.17 1.03 ± 0.11 0.11 ± 0.06
15224471-4213112 FIELD 6293 ± 57 4.34 ± 0.11 1.59 ± 0.08 -0.43 ± 0.04
15224510-4216351 FIELD 6353 ± 107 4.64 ± 0.23 1.82 ± 0.18 -0.13 ± 0.07
15225143-4210303 FIELD 5919 ± 77 4.42 ± 0.15 1.28 ± 0.10 0.32 ± 0.06
15230726-4221416 FIELD 5979 ± 54 4.40 ± 0.13 1.02 ± 0.07 0.23 ± 0.04
15231484-4208158 FIELD 5796 ± 73 4.40 ± 0.15 1.11 ± 0.10 0.34 ± 0.06
15234823-4219531 FIELD 6199 ± 62 4.39 ± 0.14 1.36 ± 0.07 0.07 ± 0.04
15285813-4301141 FIELD 6802 ± 168 4.88 ± 0.24 2.39 ± 0.41 -0.17 ± 0.09
15290709-4250228 FIELD 6096 ± 37 4.01 ± 0.09 1.29 ± 0.05 -0.50 ± 0.03
15290971-4255270 FIELD 5750 ± 79 4.52 ± 0.20 0.95 ± 0.14 0.35 ± 0.06
15293558-4303160 FIELD 6054 ± 78 4.64 ± 0.18 1.57 ± 0.11 0.02 ± 0.06
15294304-4257578 FIELD 5618 ± 56 4.44 ± 0.13 0.85 ± 0.11 -0.11 ± 0.04
15295538-4253508 FIELD 5567 ± 56 4.11 ± 0.15 1.03 ± 0.08 0.16 ± 0.05
15302090-4255385 FIELD 5954 ± 77 4.60 ± 0.16 1.23 ± 0.12 0.14 ± 0.06
15413219-4418351 FIELD 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
15414475-4412297 FIELD 6123 ± 78 4.63 ± 0.16 1.53 ± 0.12 0.29 ± 0.06
15420923-4410287 FIELD 6300 ± 103 4.38 ± 0.19 2.63 ± 0.20 0.25 ± 0.07
15421514-4419378 FIELD 5976 ± 94 4.70 ± 0.18 1.38 ± 0.14 0.14 ± 0.07
15422961-4409501 FIELD 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
15423418-4414240 FIELD 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
15423833-4416383 FIELD 6109 ± 34 4.27 ± 0.10 1.16 ± 0.05 -0.48 ± 0.03
15532925-4059522 FIELD 5201 ± 91 3.67 ± 0.26 1.07 ± 0.12 0.29 ± 0.07
15534012-4055304 FIELD 5903 ± 70 3.96 ± 0.16 1.15 ± 0.07 -0.19 ± 0.06
15535027-4105272 FIELD 5757 ± 52 4.51 ± 0.10 0.79 ± 0.10 0.19 ± 0.04
15540366-4052141 FIELD 6060 ± 42 4.25 ± 0.11 1.21 ± 0.05 0.11 ± 0.03
15541115-4108180 FIELD 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
15542331-4057510 FIELD 6298 ± 93 4.39 ± 0.17 2.04 ± 0.16 -0.12 ± 0.06
15545498-4100459 FIELD 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
15593855-0034371 FIELD 5577 ± 69 4.36 ± 0.18 0.88 ± 0.12 -0.06 ± 0.05
15595340-0031590 FIELD 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
15595894-0037030 FIELD 5936 ± 85 4.51 ± 0.20 1.41 ± 0.12 0.11 ± 0.06
16000766-0022383 FIELD 6058 ± 114 4.13 ± 0.24 2.00 ± 0.18 -0.52 ± 0.09
16002234-0037180 FIELD 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
16002794-0025237 FIELD 5584 ± 89 4.52 ± 0.21 0.99 ± 0.15 0.32 ± 0.07
16003822-0029370 FIELD 5941 ± 121 4.75 ± 0.27 2.00 ± 0.22 0.30 ± 0.08
16031215-4553584 FIELD 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
16032475-4552157 FIELD 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
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16033350-4604314 FIELD 4772 ± 207 3.06 ± 0.63 2.14 ± 0.26 0.01 ± 0.13
16040054-4558586 FIELD 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
16041687-4547292 FIELD 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
16044034-4554589 FIELD 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
16595543-0503522 FIELD 5750 ± 103 4.54 ± 0.22 1.85 ± 0.20 -0.60 ± 0.09
16595936-0507280 FIELD 6423 ± 87 4.50 ± 0.18 2.28 ± 0.15 -0.51 ± 0.06
17001366-0511474 FIELD 5707 ± 64 4.60 ± 0.15 1.08 ± 0.10 -0.04 ± 0.05
17002013-0502562 FIELD 6170 ± 105 4.68 ± 0.20 1.63 ± 0.18 -0.22 ± 0.07
17002661-0515387 FIELD 5742 ± 74 4.06 ± 0.18 0.75 ± 0.12 0.26 ± 0.06
17003750-0505140 FIELD 5618 ± 243 2.25 ± 0.76 1.52 ± 0.36 -1.38 ± 0.20
17004701-0511504 FIELD 5777 ± 115 4.73 ± 0.25 1.36 ± 0.20 0.08 ± 0.08
17330310-4259316 FIELD 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
17332693-4253210 FIELD 6480 ± 129 4.55 ± 0.23 1.84 ± 0.15 0.19 ± 0.08
17335392-4255153 FIELD 6177 ± 124 4.56 ± 0.33 2.24 ± 0.26 0.08 ± 0.09
17335667-4302456 FIELD 6260 ± 132 4.65 ± 0.23 1.88 ± 0.21 0.09 ± 0.09
17341556-4300413 FIELD 6424 ± 101 4.36 ± 0.19 2.09 ± 0.16 -0.44 ± 0.07
17343201-4253097 FIELD 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
17345383-4300502 FIELD 6080 ± 55 4.20 ± 0.13 1.32 ± 0.06 0.13 ± 0.04
18191568-4658122 FIELD 6609 ± 69 4.10 ± 0.12 2.04 ± 0.09 0.21 ± 0.04
18193473-4653498 FIELD 5867 ± 112 4.32 ± 0.38 1.92 ± 0.21 -0.27 ± 0.08
18193806-4704542 FIELD 5564 ± 81 4.54 ± 0.18 0.92 ± 0.15 0.17 ± 0.06
18195755-4703269 FIELD 6282 ± 87 4.59 ± 0.19 1.59 ± 0.13 -0.08 ± 0.06
18200605-4706497 FIELD 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
18203141-4656232 FIELD 6040 ± 78 4.62 ± 0.18 1.55 ± 0.12 0.21 ± 0.06
19393160-4701352 FIELD 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
19393914-4701528 FIELD 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
19395195-4657014 FIELD 6584 ± 151 4.45 ± 0.22 2.41 ± 0.30 -0.14 ± 0.09
19395820-4658589 FIELD 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
19400644-4703520 FIELD 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
19402683-4655411 FIELD 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
19405382-4700086 FIELD 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
20020197-4549256 FIELD 5741 ± 73 4.36 ± 0.17 1.30 ± 0.10 0.12 ± 0.05
20023789-4551063 FIELD 5755 ± 60 4.12 ± 0.15 1.13 ± 0.11 -0.42 ± 0.06
20024008-4546511 FIELD 5947 ± 73 4.35 ± 0.16 1.30 ± 0.11 -0.36 ± 0.07
20024125-4542579 FIELD 5981 ± 55 4.12 ± 0.12 1.50 ± 0.08 -0.52 ± 0.05
20024226-4535361 FIELD 6209 ± 54 4.48 ± 0.11 1.37 ± 0.08 -0.11 ± 0.04
20024435-4542464 FIELD 5588 ± 85 4.69 ± 0.22 1.07 ± 0.16 -0.14 ± 0.06
20031913-4540048 FIELD 5392 ± 101 4.71 ± 0.26 1.06 ± 0.20 0.01 ± 0.07
20192137-4706271 FIELD 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
20192901-4701081 FIELD 5902 ± 71 4.70 ± 0.23 1.01 ± 0.12 -0.17 ± 0.06
20194540-4659566 FIELD 6231 ± 42 4.14 ± 0.10 1.37 ± 0.05 -0.45 ± 0.03
20195351-4706084 FIELD 5304 ± 157 3.88 ± 0.36 0.68 ± 0.30 -0.21 ± 0.13
20201327-4654221 FIELD 6227 ± 70 4.05 ± 0.15 2.11 ± 0.11 -0.47 ± 0.05
20203193-4704547 FIELD 5563 ± 97 4.25 ± 0.20 0.54 ± 0.26 -0.37 ± 0.10
20203483-4658502 FIELD 6705 ± 130 4.67 ± 0.23 2.08 ± 0.21 0.01 ± 0.08
20392317-4713223 FIELD 5519 ± 58 3.53 ± 0.15 1.07 ± 0.07 -0.62 ± 0.05
20394076-4714301 FIELD 6181 ± 65 4.45 ± 0.13 1.08 ± 0.09 -0.03 ± 0.05
20394336-4711228 FIELD 5400 ± 98 3.83 ± 0.23 0.72 ± 0.18 -0.24 ± 0.08
20395232-4717250 FIELD 5797 ± 68 4.35 ± 0.15 1.14 ± 0.10 0.09 ± 0.05
20402296-4716025 FIELD 5822 ± 65 4.29 ± 0.19 1.10 ± 0.12 -0.39 ± 0.06
20403066-4707128 FIELD 5470 ± 99 4.50 ± 0.23 0.87 ± 0.19 0.24 ± 0.07
20411190-4712427 FIELD 5992 ± 73 4.41 ± 0.16 1.38 ± 0.11 -0.21 ± 0.05
21093513-0204004 FIELD 6131 ± 110 4.57 ± 0.24 1.31 ± 0.21 -0.50 ± 0.09
21094323-0156596 FIELD 5629 ± 119 4.67 ± 0.26 1.09 ± 0.21 0.36 ± 0.09
21094370-0158568 FIELD 5930 ± 102 4.68 ± 0.21 0.80 ± 0.21 0.32 ± 0.08
21095509-0209479 FIELD 6113 ± 63 4.37 ± 0.13 1.23 ± 0.08 0.18 ± 0.05
21095784-0149411 FIELD 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
21101291-0157358 FIELD 5931 ± 84 4.61 ± 0.16 1.04 ± 0.14 0.15 ± 0.06
21101784-0205349 FIELD 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
21185519-4758520 FIELD 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
21194489-4758046 FIELD 5599 ± 52 4.25 ± 0.14 0.81 ± 0.10 -0.15 ± 0.04
21194642-4755233 FIELD 5427 ± 77 3.97 ± 0.22 0.88 ± 0.12 -0.65 ± 0.07
21195077-4802201 FIELD 5526 ± 57 4.51 ± 0.14 0.80 ± 0.12 -0.11 ± 0.04
21200837-4804424 FIELD 5726 ± 73 4.55 ± 0.15 0.80 ± 0.15 -0.02 ± 0.06
21203608-4753426 FIELD 5689 ± 175 4.36 ± 0.36 0.70 ± 0.49 -0.41 ± 0.19
21204651-4758593 FIELD 5941 ± 38 4.25 ± 0.09 1.16 ± 0.06 -0.47 ± 0.04
21273192-0158518 FIELD 5651 ± 168 4.89 ± 0.38 0.66 ± 0.47 -0.10 ± 0.13
21274309-0153306 FIELD 6057 ± 86 4.32 ± 0.19 1.85 ± 0.14 -0.48 ± 0.07
21274692-0200306 FIELD 5971 ± 62 4.32 ± 0.13 1.20 ± 0.09 -0.12 ± 0.05
21275395-0207333 FIELD 5853 ± 94 4.55 ± 0.19 1.04 ± 0.16 0.25 ± 0.07
21280058-0150028 FIELD 6269 ± 88 4.98 ± 0.20 1.56 ± 0.15 -0.03 ± 0.06
21281376-0200093 FIELD 5898 ± 91 4.44 ± 0.22 1.14 ± 0.15 -0.10 ± 0.07
21281624-0157273 FIELD 6075 ± 73 4.24 ± 0.15 1.39 ± 0.10 -0.09 ± 0.05
21513534-0322143 FIELD 5761 ± 58 4.29 ± 0.15 1.00 ± 0.09 0.21 ± 0.05
21513903-0329259 FIELD 6069 ± 76 4.55 ± 0.17 1.37 ± 0.13 -0.46 ± 0.07
21514987-0334334 FIELD 5843 ± 42 4.11 ± 0.11 1.30 ± 0.06 -0.85 ± 0.04
21515129-0328392 FIELD 5590 ± 66 4.43 ± 0.17 1.04 ± 0.10 0.22 ± 0.05
21515596-0334355 FIELD 5744 ± 67 4.25 ± 0.16 1.21 ± 0.09 -0.10 ± 0.05
21520633-0334375 FIELD 5934 ± 57 4.44 ± 0.13 1.02 ± 0.08 0.00 ± 0.04
21522796-0330312 FIELD 5618 ± 60 4.39 ± 0.13 0.88 ± 0.10 0.13 ± 0.05
21592334-4753292 FIELD 6130 ± 40 4.13 ± 0.09 1.26 ± 0.05 -0.14 ± 0.03
21595599-4753359 FIELD 5900 ± 56 4.32 ± 0.13 1.08 ± 0.08 0.14 ± 0.04
22001157-4800529 FIELD 5776 ± 67 4.01 ± 0.16 1.07 ± 0.10 -0.52 ± 0.06
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22001843-4749511 FIELD 5375 ± 100 4.33 ± 0.24 0.85 ± 0.18 0.28 ± 0.08
22003128-4752564 FIELD 5438 ± 91 4.21 ± 0.24 0.53 ± 0.29 -0.58 ± 0.10
22003659-4753323 FIELD 5638 ± 52 4.35 ± 0.11 0.73 ± 0.10 -0.08 ± 0.04
22003805-4759290 FIELD 5600 ± 55 4.40 ± 0.13 0.88 ± 0.10 -0.21 ± 0.04
22402680-4805494 FIELD 4875 ± 197 4.43 ± 0.44 0.60 ± 0.49 -0.38 ± 0.14
22403543-4756522 FIELD 5855 ± 63 4.33 ± 0.14 0.99 ± 0.10 0.17 ± 0.05
22405134-4800320 FIELD 5832 ± 158 3.42 ± 0.42 1.75 ± 0.36 -1.42 ± 0.13
22410053-4811153 FIELD 5223 ± 104 4.38 ± 0.37 1.38 ± 0.21 -0.48 ± 0.09
22411083-4755376 FIELD 5413 ± 101 4.37 ± 0.20 0.58 ± 0.30 -0.47 ± 0.10
22420085-4801284 FIELD 5585 ± 60 4.42 ± 0.13 0.75 ± 0.13 0.01 ± 0.05
22582869-4656177 FIELD 5640 ± 129 4.58 ± 0.29 1.20 ± 0.20 0.20 ± 0.09
22590224-4649529 FIELD 5867 ± 62 4.41 ± 0.16 1.14 ± 0.11 -0.73 ± 0.06
22592713-4650297 FIELD 5634 ± 60 4.46 ± 0.18 0.99 ± 0.10 -0.17 ± 0.05
22593064-4659337 FIELD 5844 ± 118 4.80 ± 0.29 1.32 ± 0.21 -0.23 ± 0.09
22593156-4659515 FIELD 5615 ± 83 3.62 ± 0.28 1.10 ± 0.11 -0.66 ± 0.07
22595290-4659302 FIELD 5745 ± 92 4.51 ± 0.28 1.35 ± 0.18 -0.58 ± 0.09
23000816-4651467 FIELD 5706 ± 94 4.57 ± 0.27 1.13 ± 0.17 -0.21 ± 0.07
23190906-0153425 FIELD 5599 ± 82 4.39 ± 0.18 0.81 ± 0.14 0.28 ± 0.07
23192178-0148118 FIELD 4885 ± 153 4.49 ± 0.38 1.10 ± 0.26 0.10 ± 0.06
23193228-0153132 FIELD 4958 ± 103 4.52 ± 0.44 0.86 ± 0.22 -0.16 ± 0.05
23193541-0200372 FIELD 5713 ± 47 4.50 ± 0.11 0.68 ± 0.10 -0.17 ± 0.04
23194565-0156095 FIELD 5460 ± 83 4.49 ± 0.19 0.76 ± 0.17 0.05 ± 0.06
23194919-0150107 FIELD 5769 ± 56 4.43 ± 0.12 0.78 ± 0.09 0.03 ± 0.04
23192987-4758147 FIELD 6103 ± 87 4.07 ± 0.17 2.06 ± 0.13 -0.48 ± 0.07
23193081-4753229 FIELD 5276 ± 97 4.42 ± 0.21 0.75 ± 0.19 0.02 ± 0.07
23194291-4802030 FIELD 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
23195180-4809573 FIELD 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
23195418-4750123 FIELD 5979 ± 74 4.74 ± 0.14 1.60 ± 0.14 -0.63 ± 0.06
23205088-4749232 FIELD 5550 ± 127 4.47 ± 0.29 0.85 ± 0.31 -0.48 ± 0.13
23294225-0457469 FIELD 5812 ± 38 4.15 ± 0.09 1.09 ± 0.05 -0.70 ± 0.03
23294865-0454310 FIELD 6117 ± 38 4.28 ± 0.08 1.15 ± 0.05 -0.53 ± 0.03
23300275-0458109 FIELD 5694 ± 62 4.48 ± 0.17 0.65 ± 0.15 -0.18 ± 0.05
23300565-0452423 FIELD 6048 ± 49 4.34 ± 0.12 1.16 ± 0.07 -0.16 ± 0.04
23301080-0459157 FIELD 5734 ± 79 4.58 ± 0.20 1.15 ± 0.13 -0.31 ± 0.06
23302190-0456442 FIELD 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
23393741-0100549 FIELD 5257 ± 104 3.83 ± 0.27 0.91 ± 0.15 0.27 ± 0.08
23393886-0050299 FIELD 5242 ± 75 4.27 ± 0.22 0.68 ± 0.17 -0.60 ± 0.07
23395855-0048339 FIELD 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
23395861-0057365 FIELD 5983 ± 58 4.32 ± 0.13 1.33 ± 0.09 -0.27 ± 0.04
23401467-0059163 FIELD 5761 ± 44 4.19 ± 0.12 0.92 ± 0.07 -0.11 ± 0.04
23403356-0054489 FIELD 5655 ± 71 4.21 ± 0.17 1.06 ± 0.10 0.40 ± 0.06
23390673-4656572 FIELD 5044 ± 105 4.59 ± 0.36 1.22 ± 0.17 -0.05 ± 0.05
23391309-4655123 FIELD 5422 ± 57 4.19 ± 0.13 0.32 ± 0.23 -0.55 ± 0.06
23393724-4700001 FIELD 5259 ± 91 4.48 ± 0.23 0.66 ± 0.20 -0.07 ± 0.06
23395450-4658323 FIELD 5806 ± 48 4.27 ± 0.12 0.89 ± 0.09 -0.73 ± 0.04
23395769-4700050 FIELD 6296 ± 51 4.19 ± 0.11 1.59 ± 0.08 -0.50 ± 0.04
23400983-4649494 FIELD 5343 ± 125 4.21 ± 0.26 0.28 ± 0.48 -0.45 ± 0.14
23490689-0503140 FIELD 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
23491476-0455107 FIELD 5836 ± 47 4.18 ± 0.12 1.04 ± 0.08 -0.43 ± 0.05
23491978-0450432 FIELD 5614 ± 83 4.55 ± 0.17 1.07 ± 0.19 -0.67 ± 0.08
23494303-0503134 FIELD 5420 ± 94 3.34 ± 0.24 1.43 ± 0.12 -0.86 ± 0.08
23495209-0458434 FIELD 5449 ± 113 3.95 ± 0.26 0.82 ± 0.18 -0.22 ± 0.09
23500454-0500026 FIELD 5016 ± 164 4.51 ± 0.41 1.00 ± 0.28 0.16 ± 0.08
23553514-0202195 FIELD 5714 ± 62 4.36 ± 0.13 1.03 ± 0.09 0.19 ± 0.05
23554412-0200159 FIELD 5901 ± 75 4.26 ± 0.18 1.59 ± 0.13 -0.79 ± 0.07
23554957-0154180 FIELD 5532 ± 68 4.38 ± 0.16 0.71 ± 0.13 0.18 ± 0.05
23555163-0155195 FIELD 5742 ± 61 4.11 ± 0.14 1.18 ± 0.10 -0.48 ± 0.06
23555366-0158424 FIELD 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
23555914-0153513 FIELD 5853 ± 68 4.37 ± 0.17 1.27 ± 0.10 -0.19 ± 0.05
23553971-4812171 FIELD 5215 ± 134 3.92 ± 0.30 0.57 ± 0.33 -0.50 ± 0.15
23555583-4807139 FIELD 5390 ± 59 4.46 ± 0.16 0.55 ± 0.16 -0.26 ± 0.05
23555621-4800071 FIELD 5489 ± 94 3.96 ± 0.26 0.85 ± 0.17 -0.73 ± 0.08
23563190-4813344 FIELD 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
23564785-4800052 FIELD 5105 ± 141 4.78 ± 0.54 1.29 ± 0.26 -0.14 ± 0.07
23565404-4809427 FIELD 6277 ± 90 4.39 ± 0.20 1.80 ± 0.16 -0.72 ± 0.06
23571623-4807081 FIELD 5430 ± 66 4.39 ± 0.16 0.85 ± 0.12 -0.03 ± 0.05
18032687-3000336 FIELD 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
18032731-3002405 FIELD 4317 ± 328 1.87 ± 9.99 1.48 ± 0.17 -0.12 ± 9.99
18032867-3003561 FIELD 4388 ± 240 2.00 ± 0.91 2.31 ± 0.31 -0.39 ± 0.19
18033327-3001516 FIELD 4357 ± 293 1.96 ± 1.10 1.90 ± 0.24 -0.32 ± 0.23
18034737-2955549 FIELD 4102 ± 98 1.47 ± 0.47 1.85 ± 0.14 -0.80 ± 0.11
18035965-3007092 FIELD 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
17550136-4136119 FIELD 4878 ± 117 3.18 ± 0.33 1.16 ± 0.12 0.15 ± 0.08
17551050-4128121 FIELD 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
17552939-4124390 FIELD 4656 ± 143 2.29 ± 0.50 1.60 ± 0.12 -0.06 ± 0.11
17554229-4122459 FIELD 4880 ± 76 2.60 ± 0.26 1.45 ± 0.08 -0.08 ± 0.06
17554236-4139177 FIELD 4446 ± 176 2.25 ± 0.63 1.51 ± 0.13 0.13 ± 0.13
17560762-4127119 FIELD 4830 ± 81 2.47 ± 0.27 1.42 ± 0.08 -0.03 ± 0.06
17561327-4129429 FIELD 4630 ± 107 2.63 ± 0.37 1.16 ± 0.09 -0.18 ± 0.07
17560070-4139098 FIELD 4895 ± 53 2.49 ± 0.19 1.51 ± 0.06 -0.44 ± 0.05
17561036-4146510 FIELD 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
17562024-4134502 FIELD 4691 ± 97 2.41 ± 0.34 1.44 ± 0.08 -0.03 ± 0.07
17564674-4146173 FIELD 4984 ± 166 4.45 ± 0.49 0.90 ± 0.31 0.13 ± 0.09
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17565194-4133174 FIELD 4645 ± 122 2.43 ± 0.40 1.42 ± 0.10 0.03 ± 0.08
17565243-4136128 FIELD 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
17571189-4138255 FIELD 4704 ± 130 2.60 ± 0.44 1.48 ± 0.11 0.14 ± 0.09
17571482-4147030 FIELD 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
18215385-3410188 FIELD 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
18224056-3401097 FIELD 5061 ± 66 3.03 ± 0.20 1.28 ± 0.06 0.12 ± 0.05
18224308-3413306 FIELD 4494 ± 142 2.35 ± 0.49 1.30 ± 0.10 0.01 ± 0.10
18224330-3417469 FIELD 4614 ± 146 2.44 ± 0.50 1.44 ± 0.11 0.14 ± 0.10
18225163-3408040 FIELD 4763 ± 97 2.93 ± 0.31 1.14 ± 0.10 -0.02 ± 0.06
18225376-3406369 FIELD 4719 ± 70 2.35 ± 0.24 1.34 ± 0.06 -0.25 ± 0.05
18225412-3410286 FIELD 4913 ± 147 4.41 ± 0.40 0.82 ± 0.33 -0.55 ± 0.11
18222410-3415255 FIELD 4699 ± 120 2.48 ± 0.39 1.35 ± 0.09 0.06 ± 0.08
18222552-3413578 FIELD 4693 ± 91 2.67 ± 0.30 1.27 ± 0.08 -0.11 ± 0.06
18224192-3422213 FIELD 4851 ± 137 3.31 ± 0.38 1.21 ± 0.14 0.23 ± 0.08
18224972-3405154 FIELD 4682 ± 133 2.44 ± 0.44 1.44 ± 0.10 -0.04 ± 0.09
18230343-3414129 FIELD 4681 ± 125 2.67 ± 0.41 1.21 ± 0.10 0.05 ± 0.08
18231983-3407192 FIELD 4570 ± 140 2.28 ± 0.48 1.41 ± 0.11 0.14 ± 0.10
18093380-3147525 FIELD 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
18094596-3154021 FIELD 5231 ± 51 3.09 ± 0.15 1.16 ± 0.05 -0.09 ± 0.04
18100469-3148146 FIELD 4616 ± 41 1.87 ± 0.18 1.70 ± 0.05 -0.81 ± 0.04
18102508-3147236 FIELD 4861 ± 84 3.28 ± 0.24 1.01 ± 0.09 -0.24 ± 0.05
18104335-3142583 FIELD 4747 ± 85 2.54 ± 0.30 1.44 ± 0.07 -0.26 ± 0.06
18104764-3148047 FIELD 4827 ± 102 3.11 ± 0.31 1.11 ± 0.10 0.03 ± 0.07
18093040-3147457 FIELD 4825 ± 42 2.50 ± 0.17 1.34 ± 0.04 -0.47 ± 0.04
18100332-3149101 FIELD 5076 ± 62 2.97 ± 0.19 1.23 ± 0.07 0.03 ± 0.05
18100712-3154573 FIELD 4734 ± 120 2.45 ± 0.40 1.44 ± 0.10 -0.08 ± 0.08
18101550-3147076 FIELD 4656 ± 113 2.35 ± 0.39 1.42 ± 0.09 0.02 ± 0.08
18102162-3147420 FIELD 4662 ± 92 2.71 ± 0.32 1.23 ± 0.08 -0.04 ± 0.06
18105528-3148003 FIELD 4929 ± 59 2.60 ± 0.21 1.36 ± 0.05 -0.19 ± 0.05
18174853-3251501 FIELD 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
18181949-3245599 FIELD 4607 ± 133 2.40 ± 0.46 1.47 ± 0.10 0.16 ± 0.09
18182202-3252027 FIELD 5061 ± 71 3.51 ± 0.20 1.01 ± 0.09 -0.18 ± 0.05
18182296-3254041 FIELD 4651 ± 129 2.38 ± 0.43 1.44 ± 0.10 -0.03 ± 0.09
18183838-3246404 FIELD 4864 ± 62 2.48 ± 0.21 1.40 ± 0.06 -0.22 ± 0.05
18184052-3253141 FIELD 4638 ± 107 2.72 ± 0.36 1.11 ± 0.09 0.01 ± 0.07
18185651-3252428 FIELD 4722 ± 158 2.97 ± 0.49 1.39 ± 0.13 0.23 ± 0.10
18031164-2959409 FIELD 4633 ± 230 2.76 ± 0.75 1.68 ± 0.22 0.11 ± 0.16
18031173-3001517 FIELD 4938 ± 152 2.88 ± 0.46 1.70 ± 0.14 0.11 ± 0.11
18031816-3004241 FIELD 4633 ± 205 2.41 ± 0.68 1.81 ± 0.17 -0.07 ± 0.14
18032561-3001550 FIELD 4552 ± 258 2.32 ± 0.87 2.33 ± 0.34 -0.16 ± 0.18
18033785-3009201 FIELD 4704 ± 227 2.69 ± 0.73 2.04 ± 0.24 0.00 ± 0.15
18035275-2959121 FIELD 4627 ± 155 2.42 ± 0.55 1.63 ± 0.13 -0.11 ± 0.11
18040121-3003154 FIELD 4714 ± 174 2.67 ± 0.56 1.86 ± 0.17 -0.03 ± 0.12
18030864-3017339 FIELD 4708 ± 72 2.44 ± 0.25 1.40 ± 0.06 -0.28 ± 0.05
18033143-3005006 FIELD 4490 ± 73 2.48 ± 0.28 1.28 ± 0.06 -0.38 ± 0.06
18033226-3008499 FIELD 4602 ± 52 2.49 ± 0.20 1.27 ± 0.05 -0.59 ± 0.04
18034171-3008441 FIELD 4353 ± 172 2.18 ± 0.61 1.40 ± 0.13 0.11 ± 0.14
18034924-3009424 FIELD 4494 ± 200 2.34 ± 0.66 1.49 ± 0.17 0.22 ± 0.15
18035677-3017252 FIELD 4611 ± 108 2.40 ± 0.38 1.43 ± 0.08 -0.01 ± 0.08
18342649-2707171 FIELD 6087 ± 52 4.26 ± 0.12 1.30 ± 0.06 0.07 ± 0.04
18342663-2714531 FIELD 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
18345143-2703183 FIELD 4700 ± 106 2.40 ± 0.37 1.39 ± 0.09 0.02 ± 0.08
18345156-2718206 FIELD 4960 ± 39 2.42 ± 0.16 1.48 ± 0.04 -0.63 ± 0.04
18350582-2709439 FIELD 4692 ± 180 2.92 ± 0.54 1.43 ± 0.17 0.10 ± 0.11
18351350-2713216 FIELD 4985 ± 96 3.52 ± 0.26 1.04 ± 0.12 0.07 ± 0.06
18352283-2711192 FIELD 4568 ± 107 2.48 ± 0.36 1.31 ± 0.09 -0.03 ± 0.07
18353974-2709594 FIELD 4657 ± 116 2.77 ± 0.38 1.19 ± 0.10 -0.01 ± 0.07
18354189-2704278 FIELD 4690 ± 89 2.28 ± 0.32 1.61 ± 0.08 -0.30 ± 0.07
18354518-2711424 FIELD 4931 ± 37 2.48 ± 0.15 1.52 ± 0.05 -0.53 ± 0.04
18354860-2656015 FIELD 4928 ± 84 1.92 ± 0.36 0.95 ± 0.20 -1.33 ± 0.19
18355860-2703060 FIELD 4839 ± 49 2.91 ± 0.18 1.06 ± 0.06 -0.36 ± 0.04
18360740-2706298 FIELD 4799 ± 52 3.08 ± 0.19 0.87 ± 0.07 -0.36 ± 0.04
18361733-2700053 FIELD 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
17442695+0554052 IC 4665 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
17442711+0547196 IC 4665 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
17443565+0557208 IC 4665 6136 ± 56 4.10 ± 0.13 1.44 ± 0.07 -0.33 ± 0.05
17443667+0537161 IC 4665 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
17444099+0541558 IC 4665 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
17444501+0525346 IC 4665 6789 ± 144 4.69 ± 0.25 2.36 ± 0.23 -0.03 ± 0.08
17445810+0551329 IC 4665 5464 ± 101 4.62 ± 0.28 1.89 ± 0.22 -0.11 ± 0.07
17451225+0514597 IC 4665 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
17451940+0547401 IC 4665 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
17452508+0551388 IC 4665 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
17452906+0601462 IC 4665 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
17453550+0519023 IC 4665 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
17453692+0542424 IC 4665 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
17453881+0536232 IC 4665 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
17454123+0533444 IC 4665 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
17455598+0602542 IC 4665 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
17455679+0601044 IC 4665 6336 ± 79 4.14 ± 0.16 2.00 ± 0.10 0.17 ± 0.05
17460709+0555486 IC 4665 6114 ± 53 4.49 ± 0.13 1.79 ± 0.08 0.06 ± 0.04
17461845+0528170 IC 4665 6051 ± 61 4.18 ± 0.15 1.36 ± 0.07 0.05 ± 0.04
17461964+0534066 IC 4665 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
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17463149+0605280 IC 4665 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
17470638+0526026 IC 4665 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
17471166+0541502 IC 4665 5494 ± 79 3.87 ± 0.20 0.92 ± 0.11 0.06 ± 0.06
17475820+0559576 IC 4665 5965 ± 81 3.98 ± 0.17 1.09 ± 0.08 0.05 ± 0.06
21294464+1207307 M 15 4610 ± 60 1.04 ± 0.52 2.11 ± 0.09 -2.51 ± 0.10
21295872+1208321 M 15 4664 ± 105 1.36 ± 0.52 2.13 ± 0.12 -2.55 ± 0.16
21295929+1210218 M 15 4662 ± 92 1.29 ± 0.49 1.94 ± 0.12 -2.43 ± 0.15
21300097+1210376 M 15 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
21300802+1212543 M 15 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
21301605+1213343 M 15 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
00233711-7204210 NGC 104 4511 ± 71 2.21 ± 0.29 1.37 ± 0.06 -0.74 ± 0.06
00240054-7208550 NGC 104 4615 ± 69 2.41 ± 0.25 1.46 ± 0.07 -0.72 ± 0.05
00240381-7200530 NGC 104 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
00241708-7206106 NGC 104 4508 ± 61 2.24 ± 0.24 1.36 ± 0.05 -0.73 ± 0.05
00251219-7208053 NGC 104 4732 ± 136 2.73 ± 0.53 2.15 ± 0.23 -0.66 ± 0.12
00252858-7200394 NGC 104 4736 ± 154 2.44 ± 0.71 2.30 ± 0.27 -0.67 ± 0.15
05135946-4005226 NGC 1851 4535 ± 54 1.54 ± 0.28 1.54 ± 0.06 -1.16 ± 0.06
05140180-4002525 NGC 1851 4496 ± 62 1.46 ± 0.35 1.44 ± 0.05 -1.12 ± 0.07
05141054-4003192 NGC 1851 4442 ± 56 1.22 ± 0.24 1.68 ± 0.06 -1.10 ± 0.05
05141453-4002134 NGC 1851 4466 ± 61 1.35 ± 0.29 1.67 ± 0.07 -1.11 ± 0.06
05142875-4003159 NGC 1851 4576 ± 61 1.37 ± 0.33 1.52 ± 0.07 -1.15 ± 0.07
05142892-4004454 NGC 1851 4373 ± 79 1.44 ± 0.46 1.67 ± 0.08 -1.09 ± 0.08
06393161+0947355 NGC 2264 5956 ± 70 4.49 ± 0.16 1.25 ± 0.10 0.09 ± 0.05
06393677+0955329 NGC 2264 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
06393751+0927131 NGC 2264 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
06394098+0944148 NGC 2264 6102 ± 90 4.73 ± 0.20 1.20 ± 0.15 0.19 ± 0.07
06394157+0934405 NGC 2264 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
06395286+0928074 NGC 2264 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
06395359+0922140 NGC 2264 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
06395554+0913179 NGC 2264 6494 ± 81 4.37 ± 0.13 1.30 ± 0.10 -0.20 ± 0.05
06395592+1004536 NGC 2264 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
06395738+0913593 NGC 2264 5993 ± 55 4.47 ± 0.12 1.06 ± 0.08 -0.09 ± 0.04
06400268+0918198 NGC 2264 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
06400483+0934466 NGC 2264 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
06400565+0935492 NGC 2264 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
06400962+0941434 NGC 2264 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
06401377+0952067 NGC 2264 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
06401404+0920285 NGC 2264 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
06401505+1004517 NGC 2264 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
06401619+0917130 NGC 2264 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
06401693+0929099 NGC 2264 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
06401758+0932198 NGC 2264 5292 ± 152 4.77 ± 0.42 1.16 ± 0.28 0.17 ± 0.09
06401920+0945353 NGC 2264 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
06401943+1007314 NGC 2264 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
06401996+0935435 NGC 2264 5606 ± 115 4.69 ± 0.26 1.77 ± 0.24 -0.54 ± 0.10
06402147+0941505 NGC 2264 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
06402313+0956199 NGC 2264 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
06402475+0946082 NGC 2264 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
06402676+0913310 NGC 2264 5972 ± 63 4.54 ± 0.15 1.24 ± 0.09 0.09 ± 0.05
06402676+0925283 NGC 2264 5610 ± 67 4.49 ± 0.16 0.82 ± 0.12 0.07 ± 0.05
06402802+0915136 NGC 2264 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
06402989+0950104 NGC 2264 4629 ± 161 3.77 ± 0.47 1.18 ± 0.21 -0.17 ± 0.08
06403086+0934406 NGC 2264 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
06403235+1009590 NGC 2264 4547 ± 224 2.44 ± 0.77 1.83 ± 0.21 -0.20 ± 0.16
06403242+1001522 NGC 2264 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
06403431+0919110 NGC 2264 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
06403477+1001206 NGC 2264 5373 ± 214 3.77 ± 0.52 1.80 ± 0.26 0.10 ± 0.15
06403720+0926513 NGC 2264 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
06403725+0947297 NGC 2264 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
06403749+0954579 NGC 2264 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
06403948+0948400 NGC 2264 5179 ± 99 4.65 ± 0.26 0.87 ± 0.21 -0.19 ± 0.06
06404218+0933374 NGC 2264 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
06404329+1008305 NGC 2264 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
06404335+0950595 NGC 2264 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
06404485+0957443 NGC 2264 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
06404605+1008448 NGC 2264 5776 ± 56 4.17 ± 0.12 0.85 ± 0.12 -0.33 ± 0.06
06404608+0949173 NGC 2264 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
06404634+0911008 NGC 2264 5700 ± 88 4.72 ± 0.22 0.90 ± 0.19 -0.15 ± 0.07
06404750+0949289 NGC 2264 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
06404817+0924118 NGC 2264 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
06404874+1009490 NGC 2264 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
06404877+0921566 NGC 2264 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
06404953+0953230 NGC 2264 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
06405211+0913540 NGC 2264 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
06405224+1016044 NGC 2264 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
06405650+0911389 NGC 2264 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
06405695+0948407 NGC 2264 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
06410003+0952178 NGC 2264 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
06410025+0958496 NGC 2264 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
06410051+0929160 NGC 2264 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
06410078+0951223 NGC 2264 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
06410141+0934081 NGC 2264 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
06410157+0915215 NGC 2264 5498 ± 81 4.05 ± 0.19 1.00 ± 0.12 0.35 ± 0.06
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06410254+0934558 NGC 2264 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
06410375+1007249 NGC 2264 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
06410411+0933018 NGC 2264 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
06410433+0948221 NGC 2264 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
06410441+0951501 NGC 2264 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
06410577+1008417 NGC 2264 5589 ± 85 4.39 ± 0.18 0.71 ± 0.23 -0.33 ± 0.09
06410716+0927480 NGC 2264 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
06410883+0923431 NGC 2264 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
06410999+0927460 NGC 2264 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
06411010+0914326 NGC 2264 5901 ± 94 4.49 ± 0.19 1.11 ± 0.16 -0.05 ± 0.07
06411038+0953018 NGC 2264 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
06411123+0952556 NGC 2264 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
06411126+0911156 NGC 2264 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
06411159+1002236 NGC 2264 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
06411258+0952312 NGC 2264 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
06411293+0935499 NGC 2264 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
06411380+0955439 NGC 2264 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
06411399+0910340 NGC 2264 6380 ± 80 4.29 ± 0.14 1.50 ± 0.10 0.05 ± 0.05
06411426+0905056 NGC 2264 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
06411542+0946396 NGC 2264 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
06411575+0926168 NGC 2264 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
06411701+0957120 NGC 2264 6129 ± 36 4.23 ± 0.09 1.25 ± 0.05 -0.38 ± 0.03
06411828+0933536 NGC 2264 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
06411871+0912490 NGC 2264 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
06411963+0931444 NGC 2264 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
06412054+0945356 NGC 2264 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
06412206+0943515 NGC 2264 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
06412224+0907372 NGC 2264 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
06412378+0933565 NGC 2264 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
06412667+0923547 NGC 2264 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
06412878+0938388 NGC 2264 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
06412947+0914129 NGC 2264 5993 ± 104 4.57 ± 0.22 1.37 ± 0.16 0.22 ± 0.08
06413008+0949454 NGC 2264 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
06413150+0954548 NGC 2264 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
06413160+0948328 NGC 2264 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
06413207+1001049 NGC 2264 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
06413250+0938074 NGC 2264 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
06413292+0919035 NGC 2264 6788 ± 82 4.69 ± 0.15 1.72 ± 0.10 0.11 ± 0.05
06413387+1004545 NGC 2264 6047 ± 43 4.25 ± 0.11 1.16 ± 0.06 -0.03 ± 0.03
06413413+0916057 NGC 2264 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
06413438+1002251 NGC 2264 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
06413461+0951378 NGC 2264 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
06413652+0918375 NGC 2264 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
06413715+0920599 NGC 2264 6165 ± 90 4.53 ± 0.23 1.20 ± 0.12 0.24 ± 0.07
06414119+0932428 NGC 2264 6541 ± 99 4.50 ± 0.22 2.06 ± 0.17 -0.07 ± 0.06
06414206+0947361 NGC 2264 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
06414302+0943324 NGC 2264 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
06414336+0927005 NGC 2264 5065 ± 87 3.55 ± 0.23 0.89 ± 0.12 -0.03 ± 0.06
06414775+0952023 NGC 2264 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
06414780+0934097 NGC 2264 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
06414945+1004475 NGC 2264 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
06414970+0930293 NGC 2264 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
06415385+0958427 NGC 2264 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
06415635+0950059 NGC 2264 5988 ± 56 4.31 ± 0.13 1.03 ± 0.08 0.10 ± 0.04
06420663+0956026 NGC 2264 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
06420870+0941212 NGC 2264 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
06421167+0944128 NGC 2264 4868 ± 121 3.42 ± 0.33 0.84 ± 0.15 0.21 ± 0.07
07541167-6048001 NGC 2516 5552 ± 95 4.25 ± 0.25 2.01 ± 0.17 -0.14 ± 0.07
07541553-6058079 NGC 2516 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
07542322-6034452 NGC 2516 5960 ± 87 4.36 ± 0.18 1.38 ± 0.12 0.06 ± 0.07
07544342-6024437 NGC 2516 5709 ± 114 4.92 ± 0.26 1.56 ± 0.21 0.01 ± 0.08
07544443-6108107 NGC 2516 6085 ± 40 4.00 ± 0.09 1.43 ± 0.05 -0.41 ± 0.03
07550546-6036336 NGC 2516 5496 ± 117 4.83 ± 0.32 1.55 ± 0.22 -0.09 ± 0.07
07550592-6104294 NGC 2516 5958 ± 78 4.80 ± 0.18 1.53 ± 0.12 -0.07 ± 0.06
07551614-6101207 NGC 2516 4906 ± 64 2.44 ± 0.26 1.42 ± 0.07 -0.44 ± 0.06
07551977-6104200 NGC 2516 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
07553236-6023094 NGC 2516 5834 ± 88 4.76 ± 0.24 1.83 ± 0.17 -0.03 ± 0.06
07562154-6058089 NGC 2516 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
07564410-6034523 NGC 2516 5795 ± 105 4.87 ± 0.26 1.98 ± 0.21 -0.07 ± 0.07
07564930-6030483 NGC 2516 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
07570115-6108175 NGC 2516 5014 ± 150 3.43 ± 0.43 1.52 ± 0.17 -0.13 ± 0.10
07573608-6048128 NGC 2516 5814 ± 88 4.71 ± 0.27 1.94 ± 0.18 -0.02 ± 0.06
07574792-6056131 NGC 2516 5667 ± 89 4.71 ± 0.20 1.67 ± 0.17 -0.03 ± 0.06
07575215-6100318 NGC 2516 5669 ± 111 4.77 ± 0.44 2.72 ± 0.28 -0.12 ± 0.07
07580698-6027260 NGC 2516 5075 ± 85 3.70 ± 0.25 0.84 ± 0.14 -0.38 ± 0.07
07583076-6025129 NGC 2516 4983 ± 147 3.52 ± 0.40 1.30 ± 0.17 0.00 ± 0.10
07583485-6103121 NGC 2516 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
07584257-6040199 NGC 2516 5641 ± 91 4.49 ± 0.30 1.46 ± 0.14 -0.03 ± 0.07
07584349-6051425 NGC 2516 5465 ± 136 3.76 ± 0.33 0.61 ± 0.28 -0.16 ± 0.12
07585971-6110550 NGC 2516 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
07590020-6109585 NGC 2516 5556 ± 76 4.32 ± 0.16 0.94 ± 0.17 -0.56 ± 0.08
07592548-6040508 NGC 2516 6059 ± 64 4.38 ± 0.13 1.14 ± 0.08 0.10 ± 0.05
07593210-6048450 NGC 2516 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
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07593671-6021483 NGC 2516 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
07594121-6109251 NGC 2516 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
08000021-6040083 NGC 2516 5531 ± 97 4.63 ± 0.25 2.23 ± 0.21 -0.11 ± 0.06
08000944-6033355 NGC 2516 5951 ± 75 4.62 ± 0.18 1.38 ± 0.12 -0.07 ± 0.05
08001019-6107367 NGC 2516 4864 ± 90 2.79 ± 0.28 1.37 ± 0.09 -0.25 ± 0.07
08002823-6021348 NGC 2516 5595 ± 137 4.54 ± 0.28 1.01 ± 0.31 -0.40 ± 0.14
08003117-6108595 NGC 2516 5487 ± 74 4.56 ± 0.18 1.03 ± 0.13 0.05 ± 0.05
08012041-6025193 NGC 2516 5923 ± 84 4.24 ± 0.18 1.10 ± 0.11 0.07 ± 0.07
08012920-6027429 NGC 2516 5274 ± 112 3.85 ± 0.28 0.98 ± 0.17 -0.23 ± 0.09
08013658-6059021 NGC 2516 5899 ± 83 4.91 ± 0.25 1.91 ± 0.18 -0.08 ± 0.06
08014071-6106068 NGC 2516 5633 ± 73 4.54 ± 0.16 0.92 ± 0.13 0.12 ± 0.06
08074522-4912215 NGC 2547 5847 ± 44 4.55 ± 0.11 0.93 ± 0.08 -0.09 ± 0.03
08074892-4917421 NGC 2547 4833 ± 117 3.17 ± 0.33 1.01 ± 0.11 0.23 ± 0.07
08080667-4911212 NGC 2547 6513 ± 108 4.26 ± 0.19 2.67 ± 0.20 0.11 ± 0.07
08080817-4913590 NGC 2547 6268 ± 79 3.91 ± 0.15 1.48 ± 0.07 0.18 ± 0.06
08081564-4908244 NGC 2547 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
08084225-4915153 NGC 2547 5075 ± 77 3.31 ± 0.20 1.09 ± 0.09 -0.20 ± 0.06
08084975-4924561 NGC 2547 6401 ± 79 3.95 ± 0.14 1.67 ± 0.07 -0.28 ± 0.05
08085790-4854189 NGC 2547 6468 ± 75 4.15 ± 0.16 1.78 ± 0.08 0.29 ± 0.05
08085860-4908550 NGC 2547 4960 ± 54 2.72 ± 0.18 1.42 ± 0.06 -0.37 ± 0.05
08090250-4858172 NGC 2547 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
08091307-4925401 NGC 2547 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
08092276-4916309 NGC 2547 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
08092293-4907575 NGC 2547 6488 ± 64 4.74 ± 0.12 1.64 ± 0.10 0.01 ± 0.04
08094083-4923503 NGC 2547 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
08094507-4856307 NGC 2547 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
08095940-4859111 NGC 2547 5362 ± 103 4.85 ± 0.26 1.70 ± 0.18 0.04 ± 0.06
08100380-4901071 NGC 2547 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
08100777-4855099 NGC 2547 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
08100810-4912157 NGC 2547 5486 ± 93 4.61 ± 0.26 1.05 ± 0.18 -0.27 ± 0.07
08101799-4923503 NGC 2547 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
08102854-4856518 NGC 2547 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
08103672-4851270 NGC 2547 5512 ± 71 4.61 ± 0.17 1.07 ± 0.12 -0.04 ± 0.05
08104410-4913153 NGC 2547 5082 ± 39 2.53 ± 0.14 1.43 ± 0.04 -0.43 ± 0.04
08105058-4935573 NGC 2547 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
08105280-4936425 NGC 2547 4780 ± 96 2.85 ± 0.32 1.23 ± 0.09 -0.04 ± 0.07
08110139-4900089 NGC 2547 5505 ± 66 4.55 ± 0.18 1.75 ± 0.12 -0.08 ± 0.04
09111631-6452559 NGC 2808 4443 ± 329 0.76 ± 9.99 1.71 ± 0.07 -1.03 ± 9.99
09115121-6448375 NGC 2808 4383 ± 72 1.44 ± 0.33 1.89 ± 0.08 -1.05 ± 0.07
09120352-6454134 NGC 2808 4192 ± 75 0.95 ± 0.34 1.85 ± 0.09 -1.03 ± 0.07
09120415-6450224 NGC 2808 4255 ± 100 0.86 ± 0.22 1.77 ± 0.09 -0.92 ± 0.06
09121256-6456246 NGC 2808 4424 ± 83 0.89 ± 0.13 1.57 ± 0.06 -0.95 ± 0.06
09123359-6452431 NGC 2808 4159 ± 79 0.92 ± 0.40 1.85 ± 0.08 -1.07 ± 0.07
09123987-6455430 NGC 2808 4394 ± 66 1.37 ± 0.30 1.71 ± 0.06 -1.03 ± 0.06
11072859-5847592 NGC 3532 5967 ± 53 4.39 ± 0.13 1.01 ± 0.07 0.26 ± 0.04
11073982-5842055 NGC 3532 6359 ± 82 4.82 ± 0.16 1.69 ± 0.12 0.05 ± 0.06
11080884-5855054 NGC 3532 5922 ± 78 4.56 ± 0.18 1.00 ± 0.11 -0.04 ± 0.06
11083921-5845051 NGC 3532 6184 ± 77 4.71 ± 0.16 1.44 ± 0.11 0.01 ± 0.05
11085927-5849560 NGC 3532 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
11091266-5837236 NGC 3532 6022 ± 58 4.22 ± 0.14 1.32 ± 0.08 -0.24 ± 0.04
12250638-7243067 NGC 4372 4750 ± 157 1.42 ± 0.63 2.77 ± 0.18 -2.31 ± 0.26
12250660-7239224 NGC 4372 5192 ± 202 3.19 ± 0.55 2.08 ± 0.43 -1.50 ± 0.15
12253419-7235252 NGC 4372 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
12253882-7245095 NGC 4372 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
12260765-7236514 NGC 4372 4784 ± 146 1.91 ± 0.62 2.46 ± 0.19 -2.03 ± 0.23
12264293-7241576 NGC 4372 5155 ± 281 2.38 ± 0.63 2.56 ± 0.26 -1.91 ± 0.31
12264875-7239413 NGC 4372 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
12571312-6456090 NGC 4815 4806 ± 157 2.75 ± 0.49 1.57 ± 0.14 -0.04 ± 0.11
12572442-6455173 NGC 4815 4605 ± 294 2.61 ± 0.90 1.83 ± 0.26 0.03 ± 0.20
12573217-6455167 NGC 4815 5066 ± 113 2.77 ± 0.34 1.45 ± 0.10 0.08 ± 0.09
12574080-6455572 NGC 4815 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
12574328-6457386 NGC 4815 4937 ± 131 2.31 ± 0.42 1.84 ± 0.14 -0.04 ± 0.11
12574341-6458045 NGC 4815 5062 ± 124 3.01 ± 0.35 1.54 ± 0.12 0.01 ± 0.09
12574457-6459398 NGC 4815 5055 ± 235 3.55 ± 0.63 1.44 ± 0.24 0.17 ± 0.15
12574905-6458511 NGC 4815 4864 ± 191 2.76 ± 0.57 1.71 ± 0.18 -0.19 ± 0.14
12575308-6457182 NGC 4815 5544 ± 274 3.93 ± 0.61 0.31 ± 0.53 -0.14 ± 0.23
12575511-6458483 NGC 4815 5070 ± 169 2.72 ± 0.50 1.54 ± 0.14 0.12 ± 0.13
12575529-6456536 NGC 4815 5034 ± 104 2.57 ± 0.33 1.06 ± 0.09 -0.03 ± 0.09
12575531-6500412 NGC 4815 4792 ± 106 2.74 ± 0.35 1.29 ± 0.09 -0.17 ± 0.08
12580262-6456492 NGC 4815 4894 ± 131 2.46 ± 0.42 1.75 ± 0.12 0.02 ± 0.10
12581939-6453533 NGC 4815 4336 ± 324 2.08 ± 9.99 2.26 ± 0.39 -0.23 ± 9.99
12581273-7057347 NGC 4833 4946 ± 115 2.78 ± 0.36 1.49 ± 0.11 -0.20 ± 0.09
12582347-7052585 NGC 4833 4639 ± 175 2.44 ± 0.60 1.51 ± 0.14 0.16 ± 0.12
12585746-7053278 NGC 4833 4983 ± 150 2.22 ± 0.55 2.50 ± 0.22 -2.00 ± 0.21
12593863-7051321 NGC 4833 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
12594594-7052026 NGC 4833 4882 ± 117 2.46 ± 0.55 2.82 ± 0.18 -2.08 ± 0.17
13000316-7053486 NGC 4833 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
13003972-7052600 NGC 4833 4691 ± 87 1.40 ± 0.53 1.83 ± 0.16 -1.88 ± 0.18
15271188-5040379 NGC 5927 5007 ± 150 3.24 ± 0.43 2.19 ± 0.20 -0.17 ± 0.10
15272429-5037134 NGC 5927 4919 ± 145 2.91 ± 0.47 2.43 ± 0.29 -0.51 ± 0.12
15275697-5042052 NGC 5927 4886 ± 109 2.63 ± 0.38 1.96 ± 0.16 -0.50 ± 0.10
15275698-5044507 NGC 5927 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
15275926-5039023 NGC 5927 4749 ± 260 3.38 ± 0.74 2.10 ± 0.30 -0.17 ± 0.15
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15280107-5044071 NGC 5927 4136 ± 150 1.82 ± 0.62 2.06 ± 0.21 -0.36 ± 0.16
15284165-5038248 NGC 5927 4205 ± 129 2.20 ± 0.52 1.80 ± 0.17 -0.38 ± 0.14
18040126-2423474 NGC 6530 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
18041116-2421452 NGC 6530 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
18042502-2427453 NGC 6530 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
18042720-2422497 NGC 6530 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
18044279-2418339 NGC 6530 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
18044593-2427191 NGC 6530 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
18045062-2425419 NGC 6530 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
18263318+0621466 NGC 6633 6157 ± 69 4.47 ± 0.15 1.65 ± 0.11 -0.22 ± 0.05
18263404+0637467 NGC 6633 5750 ± 45 4.40 ± 0.10 1.01 ± 0.07 -0.12 ± 0.04
18263798+0623454 NGC 6633 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
18264117+0614522 NGC 6633 6130 ± 34 4.21 ± 0.07 1.35 ± 0.05 -0.60 ± 0.03
18264580+0645386 NGC 6633 6734 ± 79 4.11 ± 0.14 1.94 ± 0.12 -0.20 ± 0.05
18265055+0626594 NGC 6633 5767 ± 93 4.60 ± 0.18 0.85 ± 0.19 0.04 ± 0.07
18265061+0644331 NGC 6633 6226 ± 72 4.55 ± 0.14 1.32 ± 0.11 0.02 ± 0.05
18265521+0633543 NGC 6633 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
18270066+0641148 NGC 6633 6541 ± 77 4.22 ± 0.15 2.05 ± 0.10 -0.04 ± 0.05
18270721+0618284 NGC 6633 6237 ± 60 4.50 ± 0.12 1.23 ± 0.09 -0.06 ± 0.04
18271445+0621373 NGC 6633 6305 ± 57 4.42 ± 0.12 1.30 ± 0.07 0.11 ± 0.04
18271823+0626146 NGC 6633 6108 ± 104 3.83 ± 0.21 1.47 ± 0.09 0.34 ± 0.07
18272787+0620520 NGC 6633 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
18273098+0618484 NGC 6633 5512 ± 89 4.62 ± 0.23 1.08 ± 0.15 -0.07 ± 0.06
18273275+0640456 NGC 6633 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
18273949+0628080 NGC 6633 5972 ± 57 4.51 ± 0.14 1.13 ± 0.11 -0.40 ± 0.05
18274752+0629267 NGC 6633 5754 ± 70 4.10 ± 0.17 1.20 ± 0.09 0.24 ± 0.05
18275112+0622485 NGC 6633 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
18275733+0646499 NGC 6633 6284 ± 54 4.40 ± 0.12 1.40 ± 0.06 0.09 ± 0.04
18280063+0623517 NGC 6633 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
18280276+0650238 NGC 6633 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
18280330+0639516 NGC 6633 6503 ± 59 4.34 ± 0.11 1.47 ± 0.08 -0.16 ± 0.04
18281667+0642150 NGC 6633 5464 ± 89 4.40 ± 0.21 0.82 ± 0.17 0.16 ± 0.07
18283246+0644404 NGC 6633 5977 ± 53 4.46 ± 0.11 1.17 ± 0.07 0.00 ± 0.04
18283247+0644249 NGC 6633 6122 ± 62 4.33 ± 0.14 1.53 ± 0.08 0.04 ± 0.04
18502831-0615122 NGC 6705 4626 ± 112 2.01 ± 0.40 1.75 ± 0.09 0.20 ± 0.08
18503724-0614364 NGC 6705 4923 ± 118 2.44 ± 0.39 1.70 ± 0.11 0.15 ± 0.09
18504563-0612038 NGC 6705 4664 ± 125 2.15 ± 0.42 1.63 ± 0.11 0.16 ± 0.09
18504737-0617184 NGC 6705 4388 ± 140 1.71 ± 0.53 1.60 ± 0.11 0.13 ± 0.12
18505494-0616182 NGC 6705 4646 ± 113 2.05 ± 0.40 1.53 ± 0.09 0.07 ± 0.09
18505529-0615473 NGC 6705 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
18505551-0618317 NGC 6705 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
18505581-0618148 NGC 6705 4521 ± 131 1.95 ± 0.48 1.54 ± 0.09 0.26 ± 0.10
18505755-0613461 NGC 6705 4998 ± 122 2.69 ± 0.41 1.52 ± 0.11 0.14 ± 0.09
18505884-0614409 NGC 6705 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
18505944-0612435 NGC 6705 5015 ± 165 2.76 ± 0.48 2.08 ± 0.19 0.05 ± 0.12
18505976-0616255 NGC 6705 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
18505981-0617243 NGC 6705 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
18505998-0617359 NGC 6705 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
18510023-0616594 NGC 6705 4394 ± 140 1.74 ± 0.52 1.62 ± 0.10 0.11 ± 0.11
18510029-0617487 NGC 6705 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
18510032-0617183 NGC 6705 4854 ± 97 2.33 ± 0.34 1.65 ± 0.09 0.11 ± 0.08
18510093-0614564 NGC 6705 4771 ± 152 2.41 ± 0.51 1.60 ± 0.12 0.10 ± 0.11
18510200-0617265 NGC 6705 4374 ± 135 1.55 ± 0.53 1.55 ± 0.10 0.05 ± 0.11
18510289-0615301 NGC 6705 4689 ± 107 2.08 ± 0.38 1.51 ± 0.08 0.05 ± 0.08
18510304-0613595 NGC 6705 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
18510341-0616202 NGC 6705 4942 ± 174 2.59 ± 0.53 2.03 ± 0.14 0.13 ± 0.12
18510358-0616112 NGC 6705 4886 ± 107 2.43 ± 0.37 1.75 ± 0.10 0.18 ± 0.08
18510399-0620414 NGC 6705 4688 ± 121 2.09 ± 0.42 1.86 ± 0.11 0.11 ± 0.09
18510431-0615074 NGC 6705 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
18510435-0619077 NGC 6705 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
18510557-0616595 NGC 6705 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
18510662-0612442 NGC 6705 4772 ± 119 2.19 ± 0.40 1.71 ± 0.10 0.22 ± 0.09
18510695-0615194 NGC 6705 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
18510708-0617284 NGC 6705 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
18510763-0614195 NGC 6705 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
18510786-0617119 NGC 6705 4825 ± 143 2.52 ± 0.47 1.85 ± 0.13 0.23 ± 0.10
18510812-0616017 NGC 6705 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
18510833-0616532 NGC 6705 4750 ± 133 2.05 ± 0.44 1.83 ± 0.11 0.10 ± 0.10
18510837-0617495 NGC 6705 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
18510946-0616320 NGC 6705 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
18511013-0615486 NGC 6705 4516 ± 138 1.83 ± 0.53 1.59 ± 0.10 0.12 ± 0.11
18511048-0615470 NGC 6705 4732 ± 141 2.13 ± 0.48 1.92 ± 0.14 0.11 ± 0.10
18511116-0614340 NGC 6705 4346 ± 153 1.52 ± 0.59 1.75 ± 0.12 0.03 ± 0.12
18511418-0616418 NGC 6705 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
18511452-0616551 NGC 6705 4673 ± 138 2.14 ± 0.49 1.75 ± 0.13 0.05 ± 0.10
18511534-0618359 NGC 6705 4790 ± 146 2.29 ± 0.50 2.02 ± 0.15 0.17 ± 0.11
18511571-0618146 NGC 6705 4728 ± 117 2.12 ± 0.40 1.73 ± 0.09 0.19 ± 0.09
18511654-0612082 NGC 6705 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
18512283-0621589 NGC 6705 4301 ± 193 1.72 ± 0.70 1.60 ± 0.14 0.09 ± 0.16
18512662-0614537 NGC 6705 4492 ± 159 1.92 ± 0.58 1.57 ± 0.11 0.21 ± 0.12
18513636-0617499 NGC 6705 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
18514034-0617128 NGC 6705 4688 ± 136 2.12 ± 0.48 1.91 ± 0.12 0.10 ± 0.10
18514130-0620125 NGC 6705 4728 ± 114 2.17 ± 0.39 1.73 ± 0.10 0.17 ± 0.08
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19100732-6002594 NGC 6752 4710 ± 104 2.78 ± 0.33 1.12 ± 0.08 0.02 ± 0.06
19102998-5958488 NGC 6752 4991 ± 61 2.20 ± 0.21 1.48 ± 0.09 -1.53 ± 0.07
19103866-5954507 NGC 6752 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
19104208-6005293 NGC 6752 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
19114113-5959266 NGC 6752 4970 ± 65 2.19 ± 0.22 1.39 ± 0.09 -1.47 ± 0.07
16251282-2449168 ρ Oph 6176 ± 100 4.66 ± 0.19 1.58 ± 0.15 0.32 ± 0.07
16251469-2456069 ρ Oph 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
16261089-2452154 ρ Oph 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
16261706-2420216 ρ Oph 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
16262138-2459123 ρ Oph 5146 ± 98 3.04 ± 0.28 1.37 ± 0.10 -0.10 ± 0.08
16262750-2358416 ρ Oph 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
16265752-2446060 ρ Oph 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
16270007-2501426 ρ Oph 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
16270429-2359485 ρ Oph 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
16271513-2451388 ρ Oph 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
16272291-2453412 ρ Oph 5954 ± 89 4.47 ± 0.19 1.34 ± 0.12 0.26 ± 0.07
16273832-2357324 ρ Oph 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
16273901-2358187 ρ Oph 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
16284724-2404046 ρ Oph 5204 ± 210 3.78 ± 0.54 1.63 ± 0.26 0.21 ± 0.14
16285779-2428046 ρ Oph 6005 ± 126 4.58 ± 0.24 1.49 ± 0.18 0.22 ± 0.09
16285929-2449089 ρ Oph 5867 ± 67 4.33 ± 0.18 1.15 ± 0.09 0.10 ± 0.05
16290795-2432162 ρ Oph 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
16290921-2426425 ρ Oph 4301 ± 131 2.31 ± 0.52 1.78 ± 0.15 -0.30 ± 0.13
16291158-2501595 ρ Oph 4482 ± 229 2.38 ± 0.77 1.78 ± 0.21 0.14 ± 0.17
16291704-2424080 ρ Oph 4650 ± 141 2.46 ± 0.46 1.38 ± 0.11 0.13 ± 0.09
16292145-2457366 ρ Oph 6154 ± 96 4.41 ± 0.19 1.89 ± 0.17 -0.21 ± 0.07
16292199-2427194 ρ Oph 6139 ± 80 4.75 ± 0.20 1.38 ± 0.12 0.08 ± 0.06
16293171-2500120 ρ Oph 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
12383595-6045245 Tr 20 5064 ± 115 3.18 ± 0.33 1.60 ± 0.12 0.14 ± 0.08
12383659-6045300 Tr 20 4858 ± 176 2.98 ± 0.55 1.79 ± 0.19 -0.04 ± 0.12
12385807-6030286 Tr 20 4403 ± 136 1.83 ± 0.52 1.50 ± 0.10 0.01 ± 0.11
12390411-6034001 Tr 20 4437 ± 136 2.01 ± 0.50 1.52 ± 0.10 0.05 ± 0.10
12390478-6041475 Tr 20 5018 ± 92 2.93 ± 0.28 1.46 ± 0.09 0.11 ± 0.07
12390710-6038057 Tr 20 5092 ± 107 3.22 ± 0.29 1.39 ± 0.10 0.13 ± 0.08
12391004-6038402 Tr 20 4480 ± 158 2.01 ± 0.58 1.59 ± 0.11 0.06 ± 0.12
12391114-6036527 Tr 20 4968 ± 97 2.88 ± 0.30 1.43 ± 0.09 0.08 ± 0.07
12391201-6036322 Tr 20 4975 ± 107 2.95 ± 0.31 1.41 ± 0.10 0.16 ± 0.08
12391577-6034406 Tr 20 4872 ± 105 2.66 ± 0.35 1.29 ± 0.09 0.02 ± 0.08
12392585-6038279 Tr 20 5189 ± 138 3.60 ± 0.39 1.58 ± 0.16 0.19 ± 0.10
12392637-6040217 Tr 20 5017 ± 145 3.13 ± 0.43 1.68 ± 0.15 0.11 ± 0.10
12392700-6036053 Tr 20 4803 ± 132 2.66 ± 0.41 1.48 ± 0.10 0.09 ± 0.09
12393132-6039422 Tr 20 4975 ± 94 2.83 ± 0.31 1.39 ± 0.10 0.10 ± 0.07
12393741-6032568 Tr 20 5158 ± 100 3.20 ± 0.32 1.40 ± 0.10 0.23 ± 0.08
12393782-6039051 Tr 20 4965 ± 133 2.92 ± 0.40 1.56 ± 0.13 0.10 ± 0.10
12394051-6041006 Tr 20 5062 ± 140 3.17 ± 0.39 1.60 ± 0.14 0.17 ± 0.10
12394122-6040040 Tr 20 5086 ± 110 3.08 ± 0.33 1.46 ± 0.10 0.15 ± 0.08
12394309-6039193 Tr 20 4956 ± 148 2.87 ± 0.45 1.49 ± 0.13 0.19 ± 0.10
12394387-6033166 Tr 20 5064 ± 120 3.05 ± 0.35 1.62 ± 0.11 0.11 ± 0.09
12394419-6034412 Tr 20 5005 ± 104 2.83 ± 0.33 1.47 ± 0.10 0.16 ± 0.08
12394475-6038339 Tr 20 4875 ± 120 2.58 ± 0.38 1.47 ± 0.10 0.08 ± 0.09
12394517-6038257 Tr 20 4949 ± 99 2.91 ± 0.31 1.44 ± 0.09 0.14 ± 0.07
12394596-6038389 Tr 20 4961 ± 106 2.91 ± 0.33 1.50 ± 0.11 0.13 ± 0.08
12394690-6033540 Tr 20 5029 ± 119 3.01 ± 0.36 1.30 ± 0.10 0.22 ± 0.08
12394715-6040584 Tr 20 4493 ± 168 2.00 ± 0.60 1.74 ± 0.12 -0.05 ± 0.12
12394742-6038411 Tr 20 4940 ± 107 2.84 ± 0.36 1.39 ± 0.10 0.12 ± 0.08
12394899-6033282 Tr 20 4996 ± 136 2.89 ± 0.42 1.57 ± 0.13 0.14 ± 0.10
12395426-6038369 Tr 20 4886 ± 110 2.86 ± 0.35 1.50 ± 0.10 0.10 ± 0.08
12395555-6037268 Tr 20 4924 ± 98 2.76 ± 0.31 1.35 ± 0.09 0.15 ± 0.07
12395569-6035233 Tr 20 6320 ± 195 4.44 ± 0.37 2.16 ± 0.25 0.20 ± 0.12
12395655-6039011 Tr 20 4983 ± 113 2.94 ± 0.33 1.37 ± 0.10 0.20 ± 0.08
12395712-6039335 Tr 20 4941 ± 102 2.82 ± 0.33 1.39 ± 0.09 0.12 ± 0.07
12395975-6035072 Tr 20 4860 ± 118 2.70 ± 0.38 1.40 ± 0.10 0.12 ± 0.09
12400111-6031395 Tr 20 4898 ± 137 2.82 ± 0.42 1.42 ± 0.11 0.13 ± 0.09
12400116-6035218 Tr 20 4882 ± 80 2.70 ± 0.27 1.32 ± 0.07 0.10 ± 0.06
12400260-6039545 Tr 20 4467 ± 148 2.03 ± 0.54 1.49 ± 0.11 0.07 ± 0.11
12400278-6041192 Tr 20 4978 ± 121 3.08 ± 0.36 1.62 ± 0.12 0.06 ± 0.08
12400451-6036566 Tr 20 4324 ± 159 1.86 ± 0.60 1.69 ± 0.13 -0.07 ± 0.13
12400755-6035445 Tr 20 4330 ± 157 1.72 ± 0.59 1.42 ± 0.11 0.05 ± 0.13
12402229-6037419 Tr 20 5047 ± 128 3.05 ± 0.39 1.57 ± 0.13 0.13 ± 0.09
12402480-6043101 Tr 20 4543 ± 132 2.10 ± 0.49 1.55 ± 0.10 0.00 ± 0.10
08063616-4748206 γ2 Vel 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
08064772-4659492 γ2 Vel 5797 ± 48 4.19 ± 0.12 0.99 ± 0.07 -0.01 ± 0.04
08065592-4704528 γ2 Vel 4511 ± 167 2.43 ± 0.56 1.34 ± 0.12 0.06 ± 0.11
08065688-4717247 γ2 Vel 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
08070521-4734401 γ2 Vel 5604 ± 70 4.42 ± 0.16 0.82 ± 0.13 0.26 ± 0.06
08070717-4721463 γ2 Vel 5301 ± 58 2.90 ± 0.18 1.31 ± 0.05 0.14 ± 0.05
08071363-4725156 γ2 Vel 5861 ± 51 4.47 ± 0.13 0.87 ± 0.08 -0.01 ± 0.04
08071383-4736156 γ2 Vel 4410 ± 125 2.01 ± 0.46 1.35 ± 0.09 -0.06 ± 0.10
08071501-4658153 γ2 Vel 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
08071937-4710143 γ2 Vel 4530 ± 107 2.29 ± 0.38 1.18 ± 0.08 -0.03 ± 0.07
08072516-4712522 γ2 Vel 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
08073209-4746433 γ2 Vel 6082 ± 46 4.32 ± 0.10 1.19 ± 0.06 0.05 ± 0.03
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08073237-4722119 γ2 Vel 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
08073315-4744513 γ2 Vel 5176 ± 66 2.92 ± 0.21 1.30 ± 0.07 0.04 ± 0.05
08073447-4716569 γ2 Vel 6068 ± 51 4.36 ± 0.13 1.24 ± 0.06 0.18 ± 0.04
08073722-4705053 γ2 Vel 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
08074016-4721020 γ2 Vel 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
08074019-4730403 γ2 Vel 5024 ± 75 3.58 ± 0.20 0.86 ± 0.10 -0.15 ± 0.05
08074278-4659566 γ2 Vel 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
08074671-4658173 γ2 Vel 4680 ± 138 2.43 ± 0.45 1.42 ± 0.10 0.25 ± 0.09
08075167-4706085 γ2 Vel 4554 ± 125 2.58 ± 0.41 1.11 ± 0.10 0.13 ± 0.08
08080053-4702145 γ2 Vel 5716 ± 51 4.57 ± 0.12 1.03 ± 0.08 -0.04 ± 0.04
08080431-4716272 γ2 Vel 5337 ± 86 4.59 ± 0.21 0.95 ± 0.15 -0.06 ± 0.06
08080526-4722060 γ2 Vel 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
08080690-4715075 γ2 Vel 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
08080882-4736515 γ2 Vel 4503 ± 117 2.23 ± 0.42 1.22 ± 0.09 -0.04 ± 0.08
08081245-4705593 γ2 Vel 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
08081445-4701498 γ2 Vel 5908 ± 98 4.00 ± 0.18 1.08 ± 0.11 -0.20 ± 0.08
08082630-4721083 γ2 Vel 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
08083232-4722553 γ2 Vel 4623 ± 135 2.44 ± 0.47 1.42 ± 0.10 0.13 ± 0.10
08083707-4727371 γ2 Vel 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
08083759-4736060 γ2 Vel 5899 ± 53 3.78 ± 0.13 1.24 ± 0.06 -0.38 ± 0.04
08083990-4741513 γ2 Vel 5610 ± 60 4.14 ± 0.13 0.77 ± 0.15 -0.41 ± 0.07
08085306-4704067 γ2 Vel 6081 ± 50 4.49 ± 0.10 1.03 ± 0.08 0.08 ± 0.04
08085455-4700053 γ2 Vel 4867 ± 59 2.45 ± 0.21 1.62 ± 0.07 -0.58 ± 0.06
08085599-4659333 γ2 Vel 5086 ± 93 2.72 ± 0.28 1.47 ± 0.09 -0.06 ± 0.08
08090431-4741026 γ2 Vel 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
08090542-4740261 γ2 Vel 4970 ± 80 2.47 ± 0.25 0.43 ± 0.17 -0.18 ± 0.08
08090738-4738136 γ2 Vel 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
08090850-4701407 γ2 Vel 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
08091397-4722030 γ2 Vel 4565 ± 167 2.21 ± 0.58 1.41 ± 0.12 -0.15 ± 0.12
08091638-4713374 γ2 Vel 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
08091875-4708534 γ2 Vel 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
08092627-4731001 γ2 Vel 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
08093304-4737066 γ2 Vel 5666 ± 90 4.42 ± 0.29 1.72 ± 0.13 -0.03 ± 0.07
08093589-4718525 γ2 Vel 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
08094221-4719527 γ2 Vel 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
08094301-4718353 γ2 Vel 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
08094390-4703094 γ2 Vel 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
08094711-4740038 γ2 Vel 4804 ± 109 2.70 ± 0.35 1.04 ± 0.09 0.11 ± 0.07
08095042-4657080 γ2 Vel 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
08095427-4721419 γ2 Vel 5942 ± 192 3.99 ± 0.37 2.12 ± 0.23 0.06 ± 0.13
08095429-4710344 γ2 Vel 4973 ± 57 2.55 ± 0.18 1.42 ± 0.06 -0.30 ± 0.05
08095783-4701385 γ2 Vel 4941 ± 63 2.46 ± 0.22 1.42 ± 0.06 -0.28 ± 0.05
08095967-4726048 γ2 Vel 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
08101160-4737555 γ2 Vel 4352 ± 68 2.15 ± 0.29 1.42 ± 0.06 -0.34 ± 0.06
08101201-4720464 γ2 Vel 6409 ± 61 4.19 ± 0.11 1.71 ± 0.09 -0.52 ± 0.04
08101211-4718398 γ2 Vel 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
08101307-4722227 γ2 Vel 4760 ± 176 2.98 ± 0.54 1.81 ± 0.17 0.16 ± 0.11
08103648-4659502 γ2 Vel 4870 ± 58 2.61 ± 0.19 1.32 ± 0.05 -0.04 ± 0.04
08103782-4702584 γ2 Vel 4805 ± 89 2.61 ± 0.29 1.31 ± 0.07 0.02 ± 0.06
08103799-4723323 γ2 Vel 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
08103996-4714428 γ2 Vel 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
08104495-4723015 γ2 Vel 4831 ± 75 2.55 ± 0.25 1.42 ± 0.06 -0.10 ± 0.06
08105180-4746394 γ2 Vel 4884 ± 68 2.54 ± 0.24 1.41 ± 0.07 -0.24 ± 0.06
08105382-4719579 γ2 Vel 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
08105813-4729136 γ2 Vel 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
08105888-4700140 γ2 Vel 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
08110285-4724405 γ2 Vel 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
08111229-4704491 γ2 Vel 4632 ± 53 2.40 ± 0.22 1.32 ± 0.05 -0.41 ± 0.04
08111619-4713188 γ2 Vel 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
08111853-4704187 γ2 Vel 4967 ± 73 3.35 ± 0.19 0.95 ± 0.08 -0.14 ± 0.05
08112119-4654274 γ2 Vel 6080 ± 46 4.24 ± 0.11 1.24 ± 0.05 0.16 ± 0.03
08112188-4711281 γ2 Vel 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
08112306-4733019 γ2 Vel 4712 ± 102 2.53 ± 0.34 1.27 ± 0.08 0.12 ± 0.07
08112313-4737105 γ2 Vel 5158 ± 122 4.54 ± 0.32 1.35 ± 0.19 0.10 ± 0.06
08114116-4720345 γ2 Vel 5040 ± 91 2.88 ± 0.29 1.42 ± 0.08 0.16 ± 0.07
08114979-4700130 γ2 Vel 4774 ± 98 2.93 ± 0.29 1.12 ± 0.09 0.11 ± 0.06
08115305-4654115 γ2 Vel 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
08115451-4655430 γ2 Vel 6637 ± 53 4.29 ± 0.11 1.33 ± 0.06 -0.01 ± 0.03
08505182+1156559 M 67 6237 ± 63 3.96 ± 0.11 1.41 ± 0.06 -0.04 ± 0.04
08505600+1153519 M 67 6203 ± 49 4.33 ± 0.10 1.22 ± 0.06 0.01 ± 0.03
08505891+1148192 M 67 6118 ± 48 4.27 ± 0.12 1.10 ± 0.06 -0.01 ± 0.03
08510017+1154321 M 67 5446 ± 60 3.81 ± 0.16 0.95 ± 0.08 0.15 ± 0.05
08510080+1148527 M 67 5746 ± 54 4.41 ± 0.12 0.81 ± 0.09 0.12 ± 0.04
08510325+1145473 M 67 6014 ± 70 3.84 ± 0.13 1.17 ± 0.06 0.06 ± 0.05
08510524+1149340 M 67 6131 ± 43 4.32 ± 0.10 1.11 ± 0.06 -0.03 ± 0.03
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08510838+1147121 M 67 4961 ± 80 3.38 ± 0.21 0.96 ± 0.09 0.07 ± 0.05
08510969+1159096 M 67 6155 ± 51 4.31 ± 0.12 1.20 ± 0.06 -0.04 ± 0.04
08511267+1150345 M 67 6163 ± 45 4.27 ± 0.11 1.23 ± 0.06 0.02 ± 0.03
08511799+1145541 M 67 6232 ± 103 3.84 ± 0.19 0.67 ± 0.13 -0.22 ± 0.07
08511854+1149214 M 67 6030 ± 70 3.82 ± 0.14 1.25 ± 0.06 0.00 ± 0.05
08511868+1147026 M 67 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
08511901+1150056 M 67 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
08512012+1146417 M 67 6246 ± 66 4.01 ± 0.12 1.34 ± 0.06 -0.02 ± 0.05
08512291+1148493 M 67 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
08512940+1154139 M 67 9999 ± 999 9.99 ± 9.99 9.99 ± 9.99 9.99 ± 9.99
08513045+1148582 M 67 4893 ± 100 3.06 ± 0.32 1.11 ± 0.10 0.01 ± 0.07
08513322+1148513 M 67 6234 ± 77 4.08 ± 0.14 1.32 ± 0.07 0.03 ± 0.05
08513577+1153347 M 67 4959 ± 81 3.28 ± 0.24 1.00 ± 0.08 0.06 ± 0.05
08513740+1150052 M 67 6127 ± 77 4.04 ± 0.15 1.31 ± 0.08 0.03 ± 0.06
08514081+1149055 M 67 6148 ± 45 4.33 ± 0.12 1.15 ± 0.06 0.01 ± 0.03
08514122+1154290 M 67 6349 ± 85 4.14 ± 0.16 1.63 ± 0.08 -0.01 ± 0.06
08514507+1147459 M 67 4843 ± 93 2.99 ± 0.29 1.07 ± 0.08 0.11 ± 0.06
08514995+1149311 M 67 6047 ± 63 3.80 ± 0.12 1.24 ± 0.05 -0.03 ± 0.05























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































186 CHAPTER A. Appendix
Table A.14: EW (Li) and A(Li) for the WG12 stars.
NAME TARGET FLAG EWT (Li) EWC(Li) A(Li)
10574797-7617429 Cha I 3 4.5 ± 2.1 4.5 ± 2.1 0.42 ± 9.99
10585418-7743115 Cha I 3 6.0 ± 4.2 6.0 ± 4.2 0.17 ± 9.99
10593816-7822421 Cha I 3 1.6 ± 2.8 1.6 ± 2.8 -0.83 ± 9.99
11033599-7628242 Cha I 1 89.6 ± 3.3 72.1 ± 3.3 0.54 ± 0.26
11044460-7706240 Cha I 3 6.3 ± 5.5 6.3 ± 5.5 -0.53 ± 9.99
11080412-7513273 Cha I 2 35.1 ± 3.0 35.1 ± 3.0 0.38 ± 0.28
11082577-7648315 Cha I 3 1.4 ± 2.4 1.4 ± 2.4 -1.10 ± 9.99
11095119-7658568 Cha I 3 2.6 ± 4.5 2.6 ± 4.5 0.97 ± 9.99
11100704-7629377 Cha I 1 508.7 ± 3.3 503.4 ± 3.3 3.90 ± 0.39
11111333-7731178 Cha I 3 3.8 ± 4.3 3.8 ± 4.3 0.12 ± 9.99
11124268-7722230 Cha I 1 373.1 ± 1.3 364.7 ± 1.3 4.29 ± 0.16
11140941-7714492 Cha I 3 4.7 ± 1.7 4.7 ± 1.7 -0.90 ± 9.99
11142964-7707063 Cha I 2 29.4 ± 3.2 29.4 ± 3.2 2.21 ± 0.05
11143515-7539288 Cha I 3 6.5 ± 2.6 6.5 ± 2.6 -0.40 ± 9.99
11170509-7538518 Cha I 2 11.9 ± 1.6 11.9 ± 1.6 0.59 ± 0.14
11213017-7616098 Cha I 3 2.7 ± 3.1 2.7 ± 3.1 -0.09 ± 9.99
08065592-4704528 γ2 Vel 3 3.7 ± 2.2 3.7 ± 2.2 -0.38 ± 9.99
08070521-4734401 γ2 Vel 3 2.7 ± 2.1 2.7 ± 2.1 0.79 ± 9.99
08070717-4721463 γ2 Vel 1 45.8 ± 1.8 45.8 ± 1.8 1.84 ± 0.06
08071363-4725156 γ2 Vel 2 29.1 ± 2.4 23.8 ± 2.4 2.01 ± 0.04
08071383-4736156 γ2 Vel 2 17.0 ± 2.3 17.0 ± 2.3 0.15 ± 0.20
08071937-4710143 γ2 Vel 3 4.2 ± 2.1 4.2 ± 2.1 -0.29 ± 9.99
08073209-4746433 γ2 Vel 1 41.2 ± 2.1 36.3 ± 2.1 2.41 ± 0.03
08073315-4744513 γ2 Vel 1 35.8 ± 1.6 22.9 ± 1.6 1.34 ± 0.07
08073447-4716569 γ2 Vel 1 64.9 ± 1.9 58.4 ± 1.9 2.67 ± 0.04
08074019-4730403 γ2 Vel 2 16.6 ± 1.5 16.6 ± 1.5 1.00 ± 0.08
08074671-4658173 γ2 Vel 3 4.3 ± 2.5 4.3 ± 2.5 -0.05 ± 9.99
08075167-4706085 γ2 Vel 3 3.6 ± 2.2 3.6 ± 2.2 -0.32 ± 9.99
08080053-4702145 γ2 Vel 1 57.6 ± 2.0 51.9 ± 2.0 2.30 ± 0.04
08080431-4716272 γ2 Vel 3 4.1 ± 3.2 4.1 ± 3.2 0.70 ± 9.99
08080882-4736515 γ2 Vel 3 3.0 ± 2.5 3.0 ± 2.5 -0.49 ± 9.99
08081445-4701498 γ2 Vel 1 92.7 ± 5.3 89.2 ± 5.3 2.76 ± 0.11
08083232-4722553 γ2 Vel 3 12.9 ± 2.1 12.9 ± 2.1 0.36 ± 0.19
08083759-4736060 γ2 Vel 1 39.5 ± 2.2 37.1 ± 2.2 2.26 ± 0.05
08083990-4741513 γ2 Vel 2 15.4 ± 2.7 15.4 ± 2.7 1.56 ± 0.06
08085306-4704067 γ2 Vel 1 82.1 ± 2.1 77.0 ± 2.1 2.87 ± 0.04
08085455-4700053 γ2 Vel 3 1.2 ± 2.3 1.2 ± 2.3 -0.37 ± 9.99
08085599-4659333 γ2 Vel 3 2.3 ± 2.1 2.3 ± 2.1 0.19 ± 9.99
08090542-4740261 γ2 Vel 3 1.8 ± 1.9 1.8 ± 1.9 -0.06 ± 9.99
08091397-4722030 γ2 Vel 3 99.3 ± 2.2 99.3 ± 2.2 1.35 ± 0.25
08094711-4740038 γ2 Vel 3 1.7 ± 2.3 1.7 ± 2.3 -0.29 ± 9.99
187
TableA.14 – Continued
NAME TARGET FLAG EWT (Li) EWC(Li) A(Li)
08095429-4710344 γ2 Vel 3 2.4 ± 1.8 2.4 ± 1.8 0.07 ± 9.99
08095783-4701385 γ2 Vel 1 394.4 ± 2.1 385.0 ± 2.1 4.49 ± 0.10
08101160-4737555 γ2 Vel 3 3.5 ± 2.2 3.5 ± 2.2 -0.65 ± 9.99
08101201-4720464 γ2 Vel 3 1.2 ± 3.2 1.2 ± 3.2 1.05 ± 9.99
08101307-4722227 γ2 Vel 3 5.8 ± 6.7 5.8 ± 6.7 0.19 ± 9.99
08103648-4659502 γ2 Vel 3 2.0 ± 1.9 2.0 ± 1.9 -0.13 ± 9.99
08103782-4702584 γ2 Vel 2 31.6 ± 1.8 31.6 ± 1.8 1.05 ± 0.11
08104495-4723015 γ2 Vel 3 2.8 ± 2.0 2.8 ± 2.0 -0.04 ± 9.99
08105180-4746394 γ2 Vel 3 2.7 ± 4.1 2.7 ± 4.1 0.01 ± 9.99
08111229-4704491 γ2 Vel 3 8.0 ± 1.9 8.0 ± 1.9 0.15 ± 9.99
08111853-4704187 γ2 Vel 3 4.3 ± 2.0 4.3 ± 2.0 0.32 ± 9.99
08112119-4654274 γ2 Vel 2 45.3 ± 2.6 45.3 ± 2.6 2.53 ± 0.04
08112306-4733019 γ2 Vel 3 6.9 ± 2.3 6.9 ± 2.3 0.20 ± 9.99
08112313-4737105 γ2 Vel 2 29.1 ± 2.8 29.1 ± 2.8 1.41 ± 0.14
08114116-4720345 γ2 Vel 3 3.7 ± 2.7 3.7 ± 2.7 0.35 ± 9.99
08115451-4655430 γ2 Vel 3 3.9 ± 1.5 3.9 ± 1.5 1.75 ± 9.99
06394098+0944148 NGC 2264 1 56.0 ± 5.4 49.7 ± 5.4 2.60 ± 0.07
06395554+0913179 NGC 2264 2 62.5 ± 3.2 62.5 ± 3.2 3.03 ± 0.05
06395738+0913593 NGC 2264 2 35.0 ± 3.2 35.0 ± 3.2 2.32 ± 0.04
06401758+0932198 NGC 2264 3 2.1 ± 4.6 2.1 ± 4.6 0.36 ± 9.99
06401996+0935435 NGC 2264 3 4.0 ± 4.6 4.0 ± 4.6 0.94 ± 9.99
06402676+0913310 NGC 2264 1 63.8 ± 3.5 57.9 ± 3.5 2.58 ± 0.06
06402676+0925283 NGC 2264 3 1.9 ± 3.4 1.9 ± 3.4 0.63 ± 9.99
06402989+0950104 NGC 2264 1 465.4 ± 2.6 456.3 ± 2.6 3.90 ± 0.35
06403235+1009590 NGC 2264 3 12.7 ± 2.5 12.7 ± 2.5 0.23 ± 0.32
06403477+1001206 NGC 2264 3 5.0 ± 7.1 5.0 ± 7.1 0.84 ± 9.99
06403948+0948400 NGC 2264 3 7.9 ± 8.6 7.9 ± 8.6 0.81 ± 9.99
06404605+1008448 NGC 2264 3 3.5 ± 2.7 3.5 ± 2.7 1.04 ± 9.99
06404634+0911008 NGC 2264 3 4.0 ± 4.0 4.0 ± 4.0 1.04 ± 9.99
06410157+0915215 NGC 2264 2 72.6 ± 1.7 72.6 ± 1.7 2.32 ± 0.07
06410577+1008417 NGC 2264 3 4.7 ± 4.3 4.7 ± 4.3 1.00 ± 9.99
06411010+0914326 NGC 2264 3 3.7 ± 3.4 3.7 ± 3.4 1.18 ± 9.99
06411399+0910340 NGC 2264 1 35.4 ± 2.3 31.8 ± 2.3 2.56 ± 0.06
06411701+0957120 NGC 2264 1 48.8 ± 2.4 47.0 ± 2.4 2.58 ± 0.03
06412947+0914129 NGC 2264 1 39.2 ± 4.2 31.7 ± 4.2 2.26 ± 0.09
06413292+0919035 NGC 2264 3 2.5 ± 1.8 2.5 ± 1.8 1.66 ± 9.99
06413387+1004545 NGC 2264 2 39.4 ± 2.5 39.4 ± 2.5 2.42 ± 0.04
06413715+0920599 NGC 2264 1 58.4 ± 1.4 51.8 ± 1.4 2.68 ± 0.06
06414119+0932428 NGC 2264 3 3.5 ± 2.4 3.5 ± 2.4 1.64 ± 9.99
06414336+0927005 NGC 2264 3 1.5 ± 2.0 1.5 ± 2.0 -0.03 ± 9.99
06415635+0950059 NGC 2264 1 35.9 ± 2.4 30.0 ± 2.4 2.23 ± 0.05
08074892-4917421 NGC 2547 3 4.6 ± 3.7 4.6 ± 3.7 0.18 ± 9.99
188 CHAPTER A. Appendix
TableA.14 – Continued
NAME TARGET FLAG EWT (Li) EWC(Li) A(Li)
08080817-4913590 NGC 2547 3 1.7 ± 3.0 1.7 ± 3.0 1.14 ± 9.99
08084225-4915153 NGC 2547 3 5.9 ± 4.4 5.9 ± 4.4 0.58 ± 9.99
08084975-4924561 NGC 2547 3 2.3 ± 2.0 2.3 ± 2.0 1.35 ± 9.99
08085790-4854189 NGC 2547 3 3.4 ± 2.8 3.4 ± 2.8 1.59 ± 9.99
08092293-4907575 NGC 2547 1 128.9 ± 3.0 125.9 ± 3.0 3.61 ± 0.04
08095940-4859111 NGC 2547 1 183.0 ± 3.9 174.5 ± 3.9 2.97 ± 0.13
08100810-4912157 NGC 2547 1 135.2 ± 4.5 130.9 ± 4.5 2.82 ± 0.10
08103672-4851270 NGC 2547 2 19.8 ± 5.3 19.8 ± 5.3 1.59 ± 0.07
08104410-4913153 NGC 2547 3 13.1 ± 3.5 13.1 ± 3.5 0.96 ± 0.04
08105280-4936425 NGC 2547 3 4.4 ± 3.8 4.4 ± 3.8 0.09 ± 9.99
08110139-4900089 NGC 2547 2 172.0 ± 3.4 172.0 ± 3.4 3.14 ± 0.07
18503724-0614364 NGC 6705 1 105.4 ± 2.0 84.4 ± 2.0 1.78 ± 0.15
18504563-0612038 NGC 6705 2 109.3 ± 2.1 109.3 ± 2.1 1.60 ± 0.18
18504737-0617184 NGC 6705 2 65.2 ± 1.6 65.2 ± 1.6 0.80 ± 0.22
18505494-0616182 NGC 6705 1 109.0 ± 2.1 85.6 ± 2.1 1.39 ± 0.17
18505581-0618148 NGC 6705 2 102.1 ± 1.4 102.1 ± 1.4 1.32 ± 0.21
18505755-0613461 NGC 6705 1 101.4 ± 1.7 82.8 ± 1.7 1.86 ± 0.15
18505944-0612435 NGC 6705 1 96.6 ± 2.1 80.5 ± 2.1 1.85 ± 0.19
18510023-0616594 NGC 6705 2 164.1 ± 2.1 164.1 ± 2.1 1.59 ± 0.34
18510032-0617183 NGC 6705 1 107.6 ± 2.0 86.5 ± 2.0 1.70 ± 0.13
18510093-0614564 NGC 6705 1 65.5 ± 1.4 44.0 ± 1.4 1.17 ± 0.21
18510200-0617265 NGC 6705 2 12.4 ± 2.0 12.4 ± 2.0 -0.07 ± 0.22
18510289-0615301 NGC 6705 1 116.8 ± 1.9 94.8 ± 1.9 1.54 ± 0.15
18510341-0616202 NGC 6705 1 117.2 ± 2.5 97.1 ± 2.5 1.89 ± 0.21
18510358-0616112 NGC 6705 1 102.6 ± 2.0 79.7 ± 2.0 1.68 ± 0.15
18510399-0620414 NGC 6705 2 67.5 ± 2.1 67.5 ± 2.1 1.29 ± 0.18
18510662-0612442 NGC 6705 2 72.9 ± 1.9 72.9 ± 1.9 1.47 ± 0.16
18510786-0617119 NGC 6705 1 126.7 ± 1.3 101.1 ± 1.3 1.77 ± 0.19
18510833-0616532 NGC 6705 2 43.1 ± 2.1 43.1 ± 2.1 1.13 ± 0.18
18511013-0615486 NGC 6705 2 8.5 ± 1.6 8.5 ± 1.6 -0.01 ± 0.22
18511048-0615470 NGC 6705 2 132.5 ± 1.9 108.4 ± 1.9 1.69 ± 0.20
18511116-0614340 NGC 6705 2 188.5 ± 2.4 188.5 ± 2.4 1.75 ± 0.12
18511534-0618359 NGC 6705 1 129.3 ± 1.3 104.2 ± 1.3 1.73 ± 0.21
18511571-0618146 NGC 6705 2 73.6 ± 1.3 73.6 ± 1.3 1.41 ± 0.16
18512662-0614537 NGC 6705 2 136.3 ± 1.4 136.3 ± 1.4 1.08 ± 0.37
18514034-0617128 NGC 6705 2 77.5 ± 1.8 77.5 ± 1.8 1.38 ± 0.19
18514130-0620125 NGC 6705 2 44.6 ± 2.1 44.6 ± 2.1 1.12 ± 0.16
16262138-2459123 ρ Oph 3 4.0 ± 2.7 4.0 ± 2.7 0.50 ± 9.99
16272291-2453412 ρ Oph 3 6.7 ± 5.0 6.7 ± 5.0 1.50 ± 9.99
16284724-2404046 ρ Oph 3 3.0 ± 5.4 3.0 ± 5.4 0.43 ± 9.99
16285779-2428046 ρ Oph 1 51.8 ± 4.8 44.3 ± 4.8 2.45 ± 0.10
16290921-2426425 ρ Oph 3 3.2 ± 3.6 3.2 ± 3.6 -0.77 ± 9.99
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NAME TARGET FLAG EWT (Li) EWC(Li) A(Li)
16291158-2501595 ρ Oph 3 4.3 ± 3.7 4.3 ± 3.7 -0.36 ± 9.99
16291704-2424080 ρ Oph 3 4.9 ± 3.2 4.9 ± 3.2 -0.04 ± 9.99
16292145-2457366 ρ Oph 1 46.5 ± 4.4 43.9 ± 4.4 2.56 ± 0.07
16292199-2427194 ρ Oph 1 112.0 ± 4.4 107.2 ± 4.4 3.17 ± 0.07
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